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Abstract 
In the contemporary world, climate change is an issue that crosses many domains 
and has substantial implications for international and domestic law and policy. 
Globally, international institutions are promoting the use of renewable energy as a 
source of mitigation of greenhouse gas emissions, yet adaptation measures and 
policies fail to adequately address climate change. However, adaptation policies are 
equally important and cannot be neglected by law-makers at both the domestic and 
international level. Over the years, Brazil has emerged as one of the most pivotal 
actors in international climate change policies in developing important environmental 
and climate change legal frameworks. In the energy sector, the increased demand for 
renewable energies has resulted in hydropower growth. Hydropower dams are a 
significant energy source, representing 16% of the total electricity generated 
worldwide and 80% of Brazil’s electricity supply. However, hydroelectric production 
is threatened by climate change: a phenomenon that is predicted to reduce water flow 
levels in most Brazilian hydroelectric dams and cause extreme floods in others.  
Brazil’s reliance on hydropower energy is causing uncertainty for the future of its 
current electric system. In addition, the State’s laws are not prepared to adapt its 
hydropower policies to address the likely effects of climate change. Although 
persistent endeavours attempt mitigation of climate change, gaps in both climate and 
energy legislation not only fail to promote adaptation of hydropower production to a 
changing climate, but threaten fundamental rights guaranteed in the Constitution. 
This thesis analyses the elements and problems underpinning Brazil’s hydroelectric 
system and climate change legislation, at both national and international levels, and 
discusses what is needed to achieve an adaptive legal framework to create energy 
security in Brazil. The requirements of human rights law as it applies to hydropower 
projects and the search for possible solutions in the laws of other countries, such as 
the United States, are also investigated. Designing an adaptive legal framework for 
hydropower in the context of climate change guarantees energy security in Brazil, 
and provides a global model for other countries that rely on hydropower dams and 
face similar climate change issues. 
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Chapter 1: Introduction 
1.1 CONTEXT OF RESEARCH 
Climate change presents a significant challenge to the contemporary world. Concerns 
regarding the potential impacts of global warming have led to mitigation and 
adaptation measures to control greenhouse gas emissions and enable the continuity of 
essential services. In particular, the electricity provided from hydropower dams will 
be impacted by climate change, mainly due to decreasing water-flow levels. 
Worldwide, Brazil is one of the main producers of hydroelectricity and, therefore, its 
energy generation is substantially threatened by climate change. Adaptation 
measures are needed in the Brazilian electricity system in order to ensure 
hydropower security. Currently, Brazil does not have an adaptive legal framework to 
deal with climate issues relating to hydropower dams, even with increasing 
investment in hydropower projects. This lack of adaptive policies impacts not only 
hydroelectricity, but also has an impact on environmental, economic, and human 
rights issues.  
The elements and problems underpinning Brazil’s hydroelectric system and climate 
change legislation are analysed by this thesis, at both national and international 
levels. This thesis also discusses what is needed to achieve an adaptive legal 
framework to guarantee energy security in Brazil. The resultant analysis in this thesis 
of existing energy and climate change regimes provides insights for Brazilian policy-
makers and will assist with adaptation measures in other hydro-dependent countries. 
Hence, the overall purpose of this thesis is conceptualizing a legal framework for 
hydropower in Brazil in the context of climate change. An effective legal framework 
is fundamental to guarantee environmental, economic and social rights, and, 
principally, to ensure Brazil’s hydroelectricity capacity in the face of climate change.   
The research questions underpinning this thesis are: 1) How does climate change 
pose a threat to Brazil’s energy supply? 2) How does the law currently address issues 
of climate change and hydropower? a. Is the legal regulation sufficient to ensure 
future energy supply? b. What should be the objectives of current law in the context 
of hydropower and climate change? 3) What changes should be made to the law in 
order to improve the security and sustainability of hydropower as a source of energy 
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to face climate change effects? a. How does the analysis of international law and 
policies inform the gaps in the Brazilian approach to climate change and 
hydropower? 4) Would a regulatory model address the problem of hydroelectric 
generation affected by climate change? In other words, the research questions 
include an evaluation of how climate change poses a threat to Brazil’s energy supply 
and how the current laws address issues of climate change and hydropower. This 
thesis aims to determine whether the legal regulation is sufficient to ensure future 
energy supply and examines the objectives of the current law in the context of 
hydropower and climate change. This thesis also proposes legal changes that could 
be made in order to improve the security and sustainability of hydropower against the 
effects of climate change. Additionally, this investigation evaluates the protection of 
human rights for communities situated near hydropower dams and users of 
hydroelectricity. Further, international law and policies that relate to the gaps in the 
Brazilian approach to climate change and hydropower are discussed. Ultimately, this 
study questions whether a regulatory framework could solve the problem of 
hydroelectric production under the effects of climate change; thus, ensuring energy 
security in Brazil.  
In order to effectively discuss the adaptations needed to the legal framework relating 
to hydropower, this study will principally focus on the following issues: energy 
security, human rights principles, adherence to legal environmental obligations, and 
commitments to international law–specifically the international climate change 
regime. The words “energy”, “power” and “electricity” will be used in the same 
context in this thesis, which means “a form of energy that is carried through 
wires and is used to operate machines, lights, etc […]”.1 This study, in 
particular, addresses these words to electricity generated by hydropower dams, 
excluding solar, nuclear, coal fired power, etc from the main context. Given 
hydropower’s relevance as renewable energy source and the international climate 
change regime’s objectives encouraging hydropower development, Brazil has 
enormous potential to increase its hydroelectric capacity and promote more reliable 
hydroelectric standards to combat the environmental, social, and economic impact of 
climate change in the future.  
                                                 
 
1
 Merriam-Webster, Electricity (2016) Encyclopedia Britannica Company <https://www.merriam-
webster.com/dictionary/electricity> at 13 December 2016. 
  3 
In the international context, State sovereignty is one of the most important issues to 
consider in a discussion of the use and regulation of the electricity system. The 
economy of a State is directly related to its ability to provide a form of energy to its 
population, and generate income and wealth from that production. The collection of 
relevant taxes from electricity distribution is connected to national energy security 
and constitutes a formative element in the sovereignty of a country. Further, access to 
energy has been often discussed as a human right which underpins the enjoyment of 
other fundamental rights. Since 1992, the United Nations has been including energy 
in its agreements,
2
 and a range of scholars support the idea that “human rights 
perspective offers tremendous potential and relevance for achieving universal energy 
access”.3  Without electricity, including all sources of energy, other essential 
components of sovereignty fail, potentially inducing State collapse.
4
 For this reason, 
the growth of alternative energy sources has been seen in the political agenda of 
countries, particularly with regard to public and private investment opportunities, to 
ensure positive growth levels and economic development. Thus, a nation that has 
energy security protected by a legal framework can better guarantee independence, 
self-determination, and fundamental human rights.
5
  
The modern global economy has a strong dependence on electricity consumption. 
Electricity demand will only increase as the global population expands, requiring 
more energy generation to satisfy the market and guarantee access to electricity.
6
 As 
electricity is the core of the energy system, it demands secure and reliable access. In 
this context, hydropower dams are a significant source of energy, producing 16% of 
                                                 
 
2
 The Rio Summit stated in Agenda 21 that “energy is essential to economic and social development 
and improved quality of life” and noted that “all energy sources will need to be used in ways that 
respect the atmosphere, human health and the environment as a whole.” 
3
 Stephen R. Tully, ‘The Contribution of Human Rights to Universal Energy Access’ (2006) 
Northwestern Journal of International Human Rights, 4(3), p 547. 
4
 Marcos A S Borges, Direito Fundamental do Acesso a Energia na Era da Globalizacao (2010) 
UniBrasil, 13 (1): 232-240. 
5
 Ibid. 
6
 The state has responsibility to provide for the welfare of its citizens – giving priority to public health 
policies, food, housing, and leisure and work within the context of an urban and industrial society. 
Electricity is central to these social rights. Some other fundamental rights established by the Brazilian 
Constitution include the principle of dignity, and the right of home and propriety, in which electricity 
is an element (Arts. 1, 2, 5 and 6 of Brazil’s Constitution; also supported by the Consumers Code – 
Law 8078 and Resolution 414 of ANEEL). 
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the total electricity generated in the world.
7
 In addition to the United States, Canada, 
China, and Russia, Brazil has one of the largest freshwater reserves, making it one of 
the world’s most dam-building nations. Currently, hydroelectricity accounts for 
almost 70% of the installed generation capacity in the country,
8
 and approximately 
85% of all electricity consumed in Brazil,
9
 which makes hydropower the largest 
electricity producer of the country by far.  
Notwithstanding the extent of Brazil’s hydro resources, climate change is threatening 
the future of Brazil’s energy sector, particularly hydroelectric production. Globally, 
the climate change phenomenon is a deeply worrisome issue affecting all countries 
relying on hydropower plants. The climate variability predicted by several 
environmental and climate studies, such as the Intergovernmental Panel on Climate 
Change reports,
10
 reveals that climate change will result in low water levels and 
extreme flooding in regions with hydropower dams, threatening hydroelectric 
security. This thesis focuses on Brazil’s reliance on hydropower dams in the context 
of climate change, and utilises international studies such as the aforementioned to 
support research findings. 
The international community has recognised climate change as a global threat. 
Awareness of the impacts of global warming has led to numerous international 
summits and agreements promoted by the United Nations to engage countries to 
invest in more renewable energy sources.
11
 International attention on the use of 
renewable energies means that the function of hydropower as a green energy source 
and its role within climate change mitigation strategies is important. If States are 
obliged to reduce their greenhouse gas emissions, they will inevitably search for 
renewable energy sources, possibly turning to hydropower to meet their targets. 
However, this will increase States’ dependence on renewables and has the potential 
                                                 
 
7
 Brazil Government website, Potencial Hidrelétrico Brasileiro esta entre os cinco maiores do mundo 
(2011) Portal Brasil <http://www.brasil.gov.br/infraestrutura/2011/12/potencial-hidreletrico-
brasileiro-esta-entre-os-cinco-maiores-do-mundo> at 21 July 2016. 
8
 See <http://www.brasil.gov.br/infraestrutura/2011/12/fontes-hidraulicas-geram-a-maior-parte-da-
energia-eletrica> Brazil’s Government, 2011 (in Portuguese). 
9
 Data of ANEEL (2007). See <http://www2.aneel.gov.br/arquivos/pdf/atlas_par2_cap3.pdf> (in 
Portuguese), 57.  
10
 IPCC (Intergovernmental Panel on Climate Change). Fourth Assessment Report, Working Group I, 
Summary for Policymakers (2007) Cambridge University Press. 
11
 Some examples are the Earth Summit in Rio (2012), which resulted in the UNFCCC, and the 
COP21 in Paris (2015), resulting in the Paris Agreement (still open for signatures).   
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to impact on the environment and human rights, as has been occurring with 
hydropower dams–an issue that is examined later in this thesis. 
Legally, there are international and domestic obligations that address the mitigation 
of greenhouse gas emissions,
12
 including the implementation of sustainable 
hydropower as a renewable energy source. However, these regulations rarely 
mention adaptation strategies, or mention it briefly. Given that climate change will 
affect the future operation of dams, policies adapting hydropower to changes in the 
climate are extremely relevant to ensure energy security. In particular, Brazil 
urgently requires amended policies to address this issue due to its high reliance on 
hydropower to generate electricity. The State lacks “a national strategy for 
vulnerability assessments and adaptation measures to cope with climate change”.13 
Hence, the main objective of this thesis is to analyse the legal frameworks regarding 
hydroelectricity in Brazil, from the background data to more specific legislation, and 
indicate potential solutions to solve the problem of the impacts of climate change on 
hydropower dams to ensure energy security. 
To achieve this objective, it is necessary to examine several features and challenges 
of the Brazilian hydroelectricity framework. This thesis initially describes the 
background of hydropower and the distribution of electricity in Brazil. Then, the 
thesis provides a discussion on climate change research and explains the 
consequences of changes in the climate on Brazilian dams and hydroelectricity. The 
research “Adaptation and Vulnerability Regarding Climate Change: the Brazilian 
energy sector case”14 confirms that Brazilian hydro resources will be affected by 
climate change, through the reduction of water flow levels, for instance. The research 
report argues that changes in temperature and rainfall levels will threaten 
hydroelectric production. In addition, there are the environmental, social, and 
economic impacts caused by the construction of hydropower dams, leading to a 
                                                 
 
12
 For instance, the UNFCCC (1992) and the new Forest Code (2012), respectively. 
13
 Michael Nachmany et al, ‘Climate Change Legislation in Brazil, an excerpt from The 2015 Global 
Climate Legislation Study: a review of climate change legislation in 99 countries’ (2015) LSE 
<http://www.lse.ac.uk/GranthamInstitute/wp-content/uploads/2015/05/BRAZIL.pdf> at 23 May 2016, 
p 7. 
14
 CEBDS (Conselho Empresarial Brasileiro para o Desenvolvimento Sustentável), ‘Estudo sobre 
adaptação e vulnerabilidade a mudança climática: o caso do setor elétrico brasileiro’ (2013) Way 
Carbon and HBRnet. 
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controversial discussion regarding the environmental sustainability and longevity of 
hydropower as a green energy source. 
The discussion of the longevity of hydropower in Brazil is followed by an analysis of 
international law – principally, the accords under the Paris Agreement15 – as it relates 
to environmental and climate change issues. The aim here is to investigate how the 
international community has acknowledged the need for adaptation of hydropower 
dams to the impacts of climate change. In addition, as the Industrial Revolution 
considerably increased greenhouse gas emissions and led to rapid global warming,
16
 
the responsibility attributed to developed and developing countries indicates the 
usefulness of principles such as Common But Differentiated Responsibilities,
17
 
which is supported by many other environmental principles. Brazil is closely 
engaged with climate change mitigation strategies, even as a developing country. The 
final question addressed in this thesis is whether hydroelectricity can fit into the 
climate framework and be included in clean development mechanisms and Green 
Climate Fund projects.
18
  
As previously mentioned, the principles of environmental protection and human 
rights raise several issues when applied to hydropower production. Indigenous 
people and surrounding communities are directly affected by hydropower production 
due to changes in the ecosystem and livelihood, and the fundamental rights of these 
groups are infringed upon, which is against the rights stated in Brazil’s Federal 
Constitution 1988. The relationship between human rights, climate change, and 
hydropower provides an interesting analysis. Although access to electricity fulfils 
human rights, the production of energy can infringe on human rights. This thesis will 
examine the extent to which Brazil’s laws safeguard fundamental rights and protect 
the environment in the development of hydropower. 
                                                 
 
15
 United Nations, Report of the Conference of the Parties on its twenty-first session, held in Paris 
from 30 November to 13 December 2015 (2016). 
16
 EPA, Causes of Climate Change (unknown) United States Environmental Protection Agency 
<https://www.epa.gov/climate-change-science/causes-climate-change> at 20 December 2016. 
17
 Centre for International Sustainable Development Law, The Principle of Common But 
Differentiated Responsibilities: Origins and Scope (2002) 
<http://cisdl.org/public/docs/news/brief_common.pdf> at 3 February 2016. 
18
 See Clean Development Mechanisms 
<http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php> at 7 
August 2016 and Green Climate Fund <http://www.greenclimate.fund/home>. 
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Importantly, analysis of Brazil’s energy laws reveal gaps in the existing legislation, 
demonstrating the importance of having policies that address the need for adaption of 
hydropower infrastructure to protect the effects of climate change. Climate and green 
energy policies from the United States may be used as a model to inform choices for 
Brazilian policymakers. After linking all of these elements, an effective legal 
framework to adapt hydropower from the effects of climate change can be created by 
law-makers and applied by planners in Brazil, as well as in any other hydroelectric 
dependent country.  
However, the objective of this thesis is not to develop the actual legal framework. 
The goal is to identify key aspects needed by a framework to address hydropower 
adaptation to the climate change effects, and improve Brazil’s hydroelectric system. 
 
1.2 METHODOLOGY  
The thesis adopts a doctrinal method to identify the principal characteristics of 
international and national regimes of climate change and hydropower. For many 
years, doctrinal analysis has been the core of the legal research method.
19
 Richard 
Posner argued that the advantage of doctrinal analysis is not limited to investigating 
“what the law is”, but also “changing some rule of law to make it conform better to 
the central trends, themes, or concepts”.20 Primary and secondary sources, including 
international agreements, national laws, academic commentary and reports of law 
reform bodies, are examined and critically evaluated. The relevant laws, books and 
journal articles are searched and investigated, and the pertinent policies within 
jurisdictions are analysed. The research questions are answered following the 
investigation and analysis of those relevant laws and policies. 
The bodies of law relevant to the use of hydropower and climate change were 
identified, analysed, and interpreted based on the review of the Brazilian 
environment and its strong reliance on hydropower as source of energy, and the 
current international and Brazilian legal frameworks. An investigation regarding the 
                                                 
 
19
 Terry Hutchinson and Nigel Duncan, ‘Defining and Describing What We Do: Doctrinal Legal 
Research’ (2012) 17(1) Deakin Law Review 83, 85. 
20
 Richard Posner, ‘The Present Situation in Legal Scholarship’ (1981) 90(5) The Yale Law Journal 
1113. 
 8  
effectiveness of current laws identified whether the legal system can ensure energy 
security in Brazil in the future. Problems originating from climate vulnerabilities and 
hydropower constructions were also analysed in this thesis, therefore instigating a 
critical analysis of the relationship between hydropower, climate change, and human 
rights, as several fundamental rights are commonly infringed upon by these elements. 
Furthermore, the doctrinal method used in the thesis supports the identification of 
any legal limitations, gaps, or barriers in Brazilian and international law that could 
preclude effective outcomes concerning energy security in Brazil and that could 
apply in other countries. 
A broad survey of the statutory frameworks of some key jurisdictions was 
undertaken with the aim of obtaining an understanding of the available policy 
options in contemporary data. Brazil is the focus of this research; however, the legal 
frameworks of the United States were also analysed, as the country is a major 
producer of hydroelectricity. Importantly, civil law and common law differences 
were minimal, and the approaches of common themes and their distinctions were 
able to be identified across numerous legislative frameworks. This thesis does not 
undertake a full comparative analysis between Brazil and the United States’ 
legislation. Instead, the objective was to identify common themes and divergent 
approaches that may inform potential policy approaches in Brazil. Rather than 
Canada, China or Russia, the US analysis facilitates the legal comparison proposed 
by this study. The US has greater number of documents that fit the study related to 
Brazil, while documents from those other countries do not comprise similar elements 
or are not available. Moreover, some documents from foreign legislation were not 
written in the English language. Hence, this thesis provides an analysis of existing 
climate change and energy regimes in order to provide recommendations for 
Brazilian policy-makers to ensure the State’s hydropower energy security in the 
context of climate change. 
 
1.3 STRUCTURE OF THE THESIS 
Brazil lacks an effective framework to ensure energy security while also maintaining 
environmental and human rights protections. This introductory chapter is the first of 
eight chapters. It highlights hydropower, climate change, human rights and energy 
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security as the main drivers of policy change. Chapter 1 outlines the research 
question and criteria for an amended legal framework, demonstrating the significance 
of security in Brazil’s hydroelectricity supply in a changing climate. Chapter 1 
clarifies the importance of developing a legal framework to adapt hydropower dams 
to address potential climate change effects that will change water flow levels and 
indicates the methodology used to develop the research and the contribution of each 
chapter to meet the final objective. 
Chapter 2 describes Brazil’s water resources and clarifies the importance of 
hydropower dams for the generation of electricity. A general view of the electricity 
sector is drawn, in addition to discussing Brazil’s reliance on hydro as the main 
source of energy. An overview of the Brazilian demand for electricity is supplied to 
support the importance of regulatory changes to protect hydroelectric production 
against the negative effects of climate change. The chapter also questions Brazil’s 
dependence on hydropower dams, as historical blackouts have previously caused 
insecurity in the electrical sector. Ultimately, the high investment in hydroelectricity 
is examined to demonstrate the current and future importance of hydroelectricity to 
the Brazilian energy system and the relevance of a legal framework to ensure energy 
security. 
Chapter 3 examines two different perspectives concerning hydropower dams in 
Brazil. The first analyses the challenges posed by climate change impacts on 
hydropower dams and the need for an adaptive legal framework to maintain 
hydroelectric capacity in the immediate future. The second investigates the impacts 
of hydropower dams on the environment, addressing issues such as environmental 
concerns, cost, and public participation. The chapter also observes the losses and 
defaults in the electric sector, as electricity distribution is hindered by technical and 
social problems during its transmission, aggravating the problem of energy security 
in Brazil. Finally, the chapter focuses on Brazil’s current efforts to adapt its energy 
supply to climate change, examining the effectiveness to date and prospecting a 
reliable legal framework for the future. 
Chapter 4 discusses the international legal framework that addresses water 
management, environmental law, and climate change law. These international laws 
are analysed and evaluated for their relevance to hydropower issues. Additionally, 
the chapter provides information about the principal international agreements and 
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conferences, focusing on the recent COP-21 and its Paris Agreement. These 
agreements rely on principles that impose essential conditions, including the 
Common But Differentiated Responsibilities principle, which considers differences 
between States’ development. The chapter also examines international pledges 
undertaken by Brazil and its efforts to accomplish them. The international 
recognition of such efforts is evaluated and, finally, the chapter analyses the 
effectiveness of international legal texts in relation to hydropower adaptation to 
climate change impacts. 
Chapter 5 examines the regulation of human rights and the challenges concerning its 
applicability in Brazil. The chapter investigates the relevance of human rights to 
hydropower construction and climate change issues, creating new insights about their 
relationship, generally unrecognised by law-makers. This chapter considers the 
human rights of indigenous people and communities surrounding hydropower dams, 
and evaluates the rights of electricity users in this context. Conceptualising a legal 
framework to adapt hydropower to the effects of climate change in Brazil requires 
human rights approaches for several reasons, which are outlined in this chapter. In 
order to illustrate and criticise the omissions and failures of Brazil’s government in 
relation to human rights, the case study of the Belo Monte Dam is presented. This 
case study supports the analysis of decisions taken by Brazilian authorities and 
demonstrates the importance of having stronger human rights protection, particularly 
related to hydropower. 
Chapter 6 examines the Brazilian legislation related to the energy sector, 
environment, and climate change. The constitutional provisions and the institutions 
that govern these issues are reviewed, guiding the reader through the relevant aspects 
of the Brazilian legal system. The chapter considers the advances of environmental 
legislation and analyses the current operation of hydropower dams. Finally, the 
chapter considers the climate change laws adopted by Brazil, and evaluates their 
efficiency in terms of adaptation, mainly related to hydropower dams. Although 
Brazil has developed many environmental policies over the last few decades, the lack 
of a regulatory framework specifically addressing hydropower could impact energy 
security in Brazil. Thus, a discussion of the positive and negative aspects of Brazil’s 
legislation provides a formulation of a framework for hydropower adaptation to 
climate change.  
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Chapter 7 examines the climate change and hydropower regulations in the United 
States that could be applied in a Brazilian legislative framework. The analysis 
evaluates US policies and the Federal Energy Regulatory Commission’s hydropower 
licensing process to determine whether they provide sufficient legal measures to 
protect hydroelectric production. Comparing the policies of Brazil and the US 
illustrates climate change measures taken by a developed and developing country, 
and reveals different perceptions of the climate change context. However, the chapter 
demonstrates that the US is likely to suffer similar problems to those in Brazil if the 
government and policy-makers do not amend legislation to address the issues before 
it.  
Chapter 8 is the final chapter and summarises the arguments explored in the thesis 
and makes recommendations to assist Brazilian policy-makers to develop and 
establish a strong and effective policy to address national energy security. Adapting 
hydropower dams to changes in the climate is fundamental to ensuring the security of 
hydroelectricity in the future and each chapter in this thesis provides research and 
analysis directed at achieving this objective.  
  12 
Chapter 2: Brazil’s Hydro Resources and 
Brazil’s Reliance on 
Hydropower 
2.1 INTRODUCTION 
To assess the risks posed by climate change to Brazil’s energy security, it is 
necessary to have an understanding of its water resources. This chapter analyses the 
literature related to Brazil’s environment, particularly its water resources and the 
significant amount of electricity generated by Brazilian hydroelectric dams. Brazil 
has a vast environment, composed of many rivers that enable electricity generation. 
This hydroelectric potential is largely used by the government to encourage more 
investments in this source of energy, especially due to the increasing demand for 
renewable energy worldwide. However, the reliance on hydroelectricity as a source 
of energy raises significant problems for Brazil due to vulnerability of water 
resources to the effects of climate change, for instance, and this calls for a critical 
evaluation concerning these hydroelectric investments. The analysis of Brazil’s 
environment in this chapter is intended to familiarise the reader with the Brazilian 
geography, its current hydropower dams, the problems already faced by the energy 
sector in the past years, and the hydroelectric potential to be explored. Understanding 
Brazil’s water resources and its reliance on hydropower dams is essential to drafting 
a proper legal framework to address future climate change alterations, which affect 
the Brazilian waters and its dependence on hydropower dams. 
 
2.2 A DESCRIPTION OF BRAZIL’S WATER RESOURCES 
Brazil is one of the richest sources of hydro potential in the world. The country 
possesses one of the largest freshwater reserves, with 13% of the total superficial 
freshwater on the planet.
1
 Brazil has an extensive number of rivers, and the majority 
stand out due to their length, width, and depth. The country also possesses 
                                                 
 
1
 Brazil, Ministerio do Meio Ambiente, Agua (2015) <http://www.mma.gov.br/agua> at 15 October 
2015.   
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geographical features that make it rich in hydro resources, such as its tropical and 
equatorial locations, which bring high levels of rainfall. Rainwater is an important 
factor to fill the rivers, which generally occurs in the summer, during the rainy 
season.
2
 However, the water distribution in Brazil is affected by climate variations 
despite its quantity of water, and the river’s density in a basin is indisputably related 
to the climate of the region.
3
 The north-east of Brazil, for instance, experiences an 
arid or semi-arid climate. Its rivers are often dry in periods of drought, which is 
acknowledged by the name of temporary
4
 or intermittent rivers.
5
 Conversely, the 
high, humid conditions make Brazilian hydro sources the densest on the planet. In 
particular, the Amazon contains many abundant and long-term rivers and also 
experiences summer rainfall.
6
 
The Brazilian water reserves are distributed in abundant rivers that make up 
catchment basins
7
 with long extensions, including the longest on earth, the Amazon, 
which consists of 55,457 square kilometres. The benefits of the 12 catchment basins 
represented in Figure 2.1 are related to hydropower production,
8
 as well as 
navigation, irrigation, and water collection.
9
 In total, there are 200,000 micro basins, 
such as the São Francisco, the Paraná, and the Amazon,
10
 which represents enormous 
hydro potential. To illustrate, Brazilian hydro is able to provide more than 19 times 
the water required per person, based on the minimum amount established by the 
United Nations (UN).
11
  
                                                 
 
2
 Geografia do Brasil, Hidrografia do Brasil (2015) <http://geografia-do-brasil.info/hidrografia-do-
brasil.html> at 14 December 2015. 
3
 Brazil, above n 1. 
4
 The only temporary rivers in Brazil are located in the north-east of the country. 
5
 Mundo vestibular, Hidrografia do Brasil – Hidrografia Brasileira (2015) 
<http://www.mundovestibular.com.br/articles/98/1/HIDROGRAFIA-DO-BRASIL---
HIDROGRAFIA-BRASILEIRA/Paacutegina1.html> at 15 October 2015. 
6
 The Amazon River is the only Brazilian river that does not depend exclusively on rain, but also on 
the ice belonging to the Andes mountain range. 
7
 Catchment basins are geographic regions formed by rivers that flow into a main waterway. 
8
 This number can be smaller depending on the source of information.  
9
 Brazil, above n 1. 
10
 60% of the Amazon forest is located on Brazilian land. 
11
 The minimum water considered by ONU is 1,700 m
3
/s per habitant per year. Brasil, Ministerio do 
Meio Ambiente, Água (2015) <http://www.mma.gov.br/agua> at 15 October 2015.   
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Figure 2.1 – Brazil Hydrologic Regions. Source: NOAA (National Weather Service) 
 
Among the 12 catchment basins in Brazil, the Amazon, Tocantins, São Francisco, 
Paraná, and Paraguay are the most significant for hydroelectricity production, as they 
have particular features, such as long or wide rivers, as highlighted below. The 
following bullet points are organised according to the numbers presented in the map 
of Figure 2.1: 
 Amazon Basin (1): is the largest river basin in the world, with 7.05 million 
square kilometres, of which 3,904,392.8 square kilometres are in Brazilian 
territory
12
 over seven different States.
13
 The main river, the Amazon, rises 
in Peru under the name of Vilcanota and is later named Ucaiali, 
Urubamba, and Marañon. When entering Brazil, the river is called 
Solimões, and becomes the Amazon River after encountering the Negro 
River near Manaus. The Amazon River runs for 6,280 kilometres, is the 
second
14
 longest river in the world, with the world's largest fresh water 
flow. Its average width is 5 kilometres, and it has 7,000 tributaries, as well 
as several smaller rivers and river channels created by the flood and ebb 
                                                 
 
12
 Portal Brasil, Brasil - Hidrografia (2015) <https://www.portalbrasil.net/brasil_hidrografia.htm> at 
14
 
December 2015.  
13
 Geografia do Brasil, above n 2. 
14
 The first is the Nile River in Egypt, at 6,670 kilometres. 
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processes. The Amazon Basin is also located in a lowland region with 
approximately 23,000 kilometres of navigable rivers, which enables the 
development of water transportation. Navigation is important in the major 
tributaries of the Amazon River.
15
 Additionally, the Amazon River 
contains an extraordinary volume of water, discharging approximately 
20% of the total freshwater that reaches the world’s oceans into the 
Atlantic Ocean. 
 Tocantins Basin (2): is the largest basin located entirely in Brazil, with 
813,674.1 square kilometres or 11% of the national territory.
16
 Its main 
rivers are the Tocantins and the Araguaia. The Tocantins River, at 2,640 
kilometres long, is born in Goiás and ends at the mouth of the Amazon. It 
has 2,200 navigable kilometres and part of its hydropower potential is 
tapped by the Tucuruí dam in Pará, which is the second largest dam in the 
country and one of the five largest dams in the world. The Araguaia River 
is born in Mato Grosso and joins the Tocantins River at the northern end of 
Tocantins State. The construction of the Araguaia-Tocantins water way 
has been questioned by non-government organisations (NGOs), due to the 
likely environmental impacts when 10 areas of environmental preservation 
and 35 indigenous areas are cut, consequently affecting a population of 
10,000 Indians.
17
 
 São Francisco Basin (6): has an area of 645,067.2 square kilometres of 
extension and its main river is the São Francisco, which is 3,160 
kilometres in length. It is the biggest river located entirely in the Brazilian 
territory, crossing five States (Minas Gerais, Bahia, Pernambuco, Alagoas, 
and Sergipe) and comprises 8% of the national territory.
18
 The principal 
perennial tributaries are the Cariranha, the Pardo, the Grande, and the 
Velhas rivers. Its biggest navigable stretch has 1,371 kilometres of 
                                                 
 
15
 Geografia do Brasil, above n 2. 
16
 Jordana Costa, Hidrografia – Brasil (unkown) 
<http://docente.ifrn.edu.br/jordanacosta/disciplinas/caico-1deg-ano/hidrologia-brasil> at 16 December 
2015. 
17
 Geografia do Brasil, above n 2. 
18
 Costa, above n 16. 
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extension.
19
 The river is also fundamental for the regional economy, as it 
allows farming and enables artificial irrigation of semi-arid regions.  
 Paraná Basin (11): reaches the States of Mato Grosso do Sul to Rio 
Grande do Sul, and belongs to a larger basin that is not entirely inside 
Brazil’s territory, but also borders Argentina and Paraguay. In Brazil, the 
Paraná Basin occupies 10.1% of national territory. The Paraná River is the 
union of the Paranaíba and Grande rivers.
20
 It contains the greatest 
hydroelectric potential in the Brazil – most notably the Binational Itaipu 
Dam located on the border of Paraguay. 
 Paraguay Basin (12): originates in Mato Grosso, and crosses the Pantanal 
plain relief and advances to Paraguay until it encounters the Paraná River. 
The basin permits international navigation because the Paraguay River 
floods the lands of Brazil, Bolivia, Paraguay, and Argentina.
21
 
Depending on the source, the three basins called Uruguay, Paraná, and Paraguay can 
be classified as a single basin called the Prata Rivers Basin. This basin encompasses 
Brazilian territory and involves land in Paraguay, Uruguay, and Argentina. On the 
border of Argentina and Uruguay, all waters join in the Prata Basin and flow into the 
Atlantic Ocean.
22
  
Another feature of the Brazilian basins is related to two different types of basins that 
assist international and national navigation for boats, such as the transport of goods, 
and hydroelectricity. The Plains Basin is used mainly for that navigation, and the 
Plateau Basin for hydroelectric use. There are more rivers
23
 in the Plateau Basin in 
comparison to the Plains Basin, as these rivers are located in areas with high levels of 
rainfall.  
                                                 
 
19
 Geografia do Brasil, above n 2. 
20
 Ambiente Brasil, Hidrografia do Brasil 
<http://ambientes.ambientebrasil.com.br/agua/recursos_hidricos/hidrografia_do_brasil.html> at 14 
December 2015. 
21
 Geografia do Brasil, above n 2. 
22
 Ibid. 
23
 The elevations and inequalities of a land surface, called reliefs, benefit from the use and 
construction of hydropower. Brazil has a great topography for hydropower, in addition to the number 
of rivers, which explains why hydropower is the most used source of energy in the country. 
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Rivers with a great volume of water facilitate hydropower usage; thus 
hydroelectricity has become the primary source of energy supply in Brazil.
24
  The 
viability to plan and construct new hydropower dams requires certain environmental 
characteristics. The favourable hydrological cycle that supports the development of 
electricity is explained by Roberto Schaeffer et al as: 
A global phenomenon of closed water circulation between the planet's 
surface and the atmosphere. The water from precipitation that reaches the 
ground is subject to leakage, seepage and evaporation. The portion that does 
not infiltrate, does not evaporate and nor is captured by vegetation, is 
drained for water courses, resulting in the flow used to generate electricity.
25
   
The last main feature of Brazilian rivers, with the exception of the Amazon, is that 
they are a fluvial regime and the ocean is the final destination. Jointly, these 
characteristics make Brazil’s landscapes one of the most plentiful environments in 
the world. 
Unfortunately, the quality and management of rivers are frequently threatened by 
human actions. Brazil faces numerous problems in relation to its hydro sources, 
which include basic sanitation, pollution,
26
 irrigation, waste,
27
 inadequate soil usage, 
hydroelectric plants, population growth demand, and others.
28
 In an attempt to 
provide protection and safety to its hydro sources, the Brazilian government has been 
adopting legal measures, like the Law of Water,
29
 which are discussed further in 
Chapter 6. However, freshwater issues seem to be far from solved, as there is 
insufficient knowledge, awareness, and education from most of the current 
inhabitants and industries in the country. These problems therefore require 
governmental intervention to promote educational campaigns to apprise Brazilians 
about the environment and create more sustainable programs. 
                                                 
 
24
Ambiente Brasil, above n 20. 
25
 R Schaeffer et al, Mudancas Climáticas e Segurança Energética no Brasil (2008) Coppe and British 
Embassy 12-13.   
26
 The Tiete River, located in the São Paulo State, was identified as the most polluted Brazilian river 
in 2010 according to the National Geographic Society. 
27
 A report made by Brazil’s government in December 2014 showed that 37% of the treated 
freshwater is wasted before it arrives at consumers’ homes. The reasons for this are due to failures in 
the pipeline, losses from fraud, and clandestine connections 
<http://www1.folha.uol.com.br/cotidiano/2015/01/1578007-brasil-desperdica-37-da-agua-tratada-
aponta-relatorio-do-governo-federal.shtml>. 
28
 Geografia do Brasil, above n 2.  
29
 Law n 9433/97, created in January 1997. 
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2.3 BRAZIL’S HYDROELECTRIC RESOURCES 
Renewable energy sources have several advantages for a country, including Brazil, 
especially in relation to the availability and facilitated use of resources. In contrast to 
conventional sources that are more geographically concentrated – such as gas, coal, 
and oil – renewable energy technologies have great deployment potential and are 
globally spread. The role of renewable energy is expected to increase substantially 
over time, and contribute to power generation, transport, heating, and cooling.
30
 In 
States with hydro resources like Brazil, there is great potential to explore and 
develop an electric system based on hydropower dams, and to provide electricity to 
the majority of the population. Additionally, the study Conjuntura 2014 developed 
by Agência Nacional de Águas (National Water Agency)
31
 indicated that the quality 
of water located in most parts of the country is classified at a level of satisfactory 
condition in terms of the quantity and quality of the water, an outcome that further 
supports the use of hydropower. 
Brazil’s hydro environment and reliance on hydropower reveals that the technical 
potential in the employment of hydroelectricity in Brazil is among the five largest in 
the world.
32
 Brazil has been using hydropower sources for many years, due to the 
country having 13% of global superficial freshwater
33
 and adequate conditions for its 
exploration, as previously discussed. Between 1950 and 2000, the wide-ranging 
hydroelectric potential was concentrated mainly in the south-east region due to the 
large population in this area.
34
 Nowadays, hydropower plants are spread across 
almost the entire country, with the exception of the north and central-west regions 
                                                 
 
30
 Available at <http://www.iea.org/topics/renewables/> at 8 January 2016. 
31
 Under Resolution No. 58/2006 of the Conselho Nacional de Recursos Hidricos (CNRH - National 
Water Resources Council), every four years the ANA prepares the Situation Report of Water 
Resources, with the annual publication of reports that update their content, the Conjuntura 2014. The 
annual report provides information on the status and management of water resources in Brazil. This is 
the result of work undertaken by a network of approximately 50 institutions; therefore, it provides the 
most current information possible. Among the network of institutions involved in the production of 
the Monthly Economic Report of Water Resources are the state management bodies of environment 
and water resources, as well as federal agencies such as the Secretaria Nacional de Recursos Hidricos 
e Ambiente Urbano (SRHU - National Department of Water Resources and Urban Environment) of 
the Ministry of Environment (MMA) and the Instituto Nacional de Meteorologia (INMET - National 
Institute of Meteorology). 
32
 Brazil Government website, Potencial Hidrelétrico Brasileiro está entre os cinco maiores do 
mundo (2011) <http://www.brasil.gov.br/infraestrutura/2011/12/potencial-hidreletrico-brasileiro-esta-
entre-os-cinco-maiores-do-mundo>. 
33
 Borges, above n 1. 
34
 ANEEL (National Electrical Energy Agency) 2002. 
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where the greatest hydroelectric potential to be explored is located. However, these 
areas are far from the most populated urban centres.
35
 
40.5% of Brazil’s hydroelectric potential is located exclusively in the Amazon 
Hydrographic Basin, while Paraná Basin contains 23% of the hydroelectric potential, 
Tocantins 10.6%, and São Francisco 10%. Approximately 63% of hydroelectric 
potential was inventoried by the government, highlighting the north region as the 
largest susceptible area to be explored.
36
 30% of the Brazilian hydroelectric potential 
has been already developed
37
 and this figure takes into consideration the total 
number of dams currently in operation, under construction, and concessions for 
exploration that have already been granted. Similarly, 16,400 kilometres of 
approximately 105,000 kilometres of Brazil’s federal rivers are considered to be 
national significance, either in quantitative or qualitative terms, amounting to the 
total of 16%.
38
 Thereby, the data confirms the significance of the rivers and the 
potential to use them to benefit the country, which includes the use of 
hydroelectricity. 
Due to the advantage Brazil possesses in terms of its hydro capabilities, Brazil’s 
electricity generation has been increasing at an annual average of 4.2% over the last 
25 years and that energy production has been dominated by hydroelectricity.
39
 Brazil 
currently generates over 80% of its electricity from hydro. However, the use of 
hydropower is a contentious issue as freshwater is a scarce natural element in the 
environment at both national and international levels. The most pessimistic people 
believe in possible conflicts between States and future water shortages, with the 
consequences affecting not only energy production, but human consumption, 
sovereignty, and other issues.
40
  
                                                 
 
35
 J L da Silva Soito and M A V Freitas, ‘Amazon and the expansion of hydropower in Brazil: 
Vulnerability, impacts and possibilities for adaptation to global climate change’ (2011) Renewable 
and Sustainable Energy Reviews 15, 23. 
36
 Ibid. 
37
 Ibid. 
38
 ANA (Agencia Nacional de Águas), ANA divulga relatório de Conjuntura dos Recursos Hídricos 
no Brasil – Informe 2014  (2015) 
<http://www2.ana.gov.br/Paginas/imprensa/noticia.aspx?id_noticia=12683> at 14 December 2015.  
39
 Roberto Schaeffer, O Futuro da Energia Elétrica no Brasil (2008) Mudanças Climáticas 
<http://www.mudancasclimaticas.andi.org.br/content/o-futuro-da-energia-eletrica-no-brasil> at 22 
December 2015. 
40
 In the most extreme case, potential conflicts between countries will be over access to freshwater – 
rather than access to petroleum or oil – and could dramatically change the current global context. In 
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As previously seen in Chapter 1, hydropower represents a significant portion of 
energy production, generating approximately 16% of the total electricity on the 
planet
41
 and has a life span of approximately 100 years.
42
Along with the United 
States, Canada, Russia, and China, Brazil is one of five countries with the greatest 
hydroelectric potential,
43
 and operates one of the largest hydropower plants, the 
Itaipu Dam.
44
 However, Brazil imports much of the electricity it consumes, as some 
of its freshwater resources are shared with other South-American States, and the 
hydropower plants are located in various States. The Itaipu Dam, for instance, is not 
situated entirely in Brazil.
45
 Precisely 50% of Itaipu Dam production is shared with 
Paraguay, and the river borders Brazil. The Itaipu Treaty established conditions for 
management,
46
 and the Itaipu Dam is referred to as “binational” due to its division 
between two different States. However, Paraguay is a small country and does not 
consume its total share of the Itaipu Dam production; thus, the excess electricity 
generated is sold to Brazil.
47
 
Brazil’s significant reliance on hydropower dams requires strategic measures to 
ensure electricity stability and security. A safe hydroelectricity generation and 
distribution is fundamental to maintain State’s sovereignty, as electricity is 
fundamental for economic growth. The number of dams, some of them globally 
recognised due their large hydroelectric capacity, will increase in importance in the 
near future. The development of a country is only possible with a strong electricity 
system, which means that electricity must be ensured for future generations through 
legal approaches. 
 
                                                                                                                                          
 
this scenario, Brazil is a potential target due to its water abundance. See Carneiro, Mauricio, A Usina 
Hidrelétrica de Belo Monte e suas implicações quanto aos Direitos Fundamentais da população que 
vive em torno do projeto (2014) JusBrasil. Retrieved 3 November 2015.  
41
 Soito & Freitas, above n 35. 
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 Available at <https://www.itaipu.gov.br>. 
43
 Brazil has the third highest hydroelectric potential in the world (Russia and China are the first and 
second). 
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 Itaipu, above n 42. 
45
 Ibid. 
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 See <https://www.itaipu.gov.br/en/company/official-documents>. 
47
 In addition, Brazil also buys the energy produced in the Argentinian hydroelectric of Garabi and 
Yacerita. 
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2.3.1 Brazil’s Power Demand  
The demand for electricity in Brazil will undoubtedly increase in the near future. 
There are a range of elements that contribute to electricity growth, including 
increasing temperatures due to climate change, population growth, consumption of 
home appliances, and so on. Brazil’s government has a duty to ensure reliable energy 
access, improve current electric sources, and invest in other renewable energies. 
Therefore, increasing electricity demand necessitates the efficient use of hydropower 
dams, as dams continue to be an important source of energy in Brazil.  
Increasing temperatures may affect Brazil’s demand for electricity in different 
sectors. 2015 was considered the hottest year on record
48
 and the temperature will 
increase even more in the future. The impacts of climate change are explored in more 
detail in the next chapter. More frequent hot days require greater energy 
consumption. In results evaluated by specialists based on a “worst case scenario”, 
higher temperatures would raise electricity consumption in the residential and service 
sectors by 6% and 5%, respectively.
49
 This need for electricity is based on the 
increase in air-conditioning in the residential and service sectors, which was 
estimated using temperatures projected for the 2005-2035 period.
50
 Work by the 
IPCC,
51
 the Fourth Assessment Report,
52
 suggests that patterns of energy 
consumption have been challenging society and habits must be changed.
53
 Due to 
Brazil’s reliance on hydroelectricity, both increasing temperatures and energy 
consumption will aggravate the issues concerning this source of energy. 
A study developed in 2013 by the Getúlio Vargas Foundation (FGV)
54
 concluded 
that the energy demand in Brazil could reach 1.2 mi GW/h in 2040.
55
 Supporting this 
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 Michael Le Page, Earth now halfway to UN global warming limit (2015) New Scientist 
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hypothesis, in 2013 Petrobrás
56
 predicted Brazilian energy demand will increase an 
average of 3.1% per year until 2030, while the global average will be 1.3% annually. 
As an example, in 2013, the national electrical consumption increased 4.2% 
compared to the same period in 2012.
57
 In the same context, data released by 
Empresa de Pesquisa Energética (EPE)
58
 (an energy research company) in 2014 
provided evidence of the increase of energy consumption between 1995 to 2014. 
Brazil’s overall electric consumption was 243.074 GW/h in 1995, while in 2015 it 
reached the mark of 473.393 GW/h. Similarly, FGV suggested that Brazil’s power 
consumption will trend to grow 5% per year after 2015. 
Figure 2.2 shows the evolution in energy consumption, household consumption, and 
the number of residences for the period 1990-2011.
59
 An analysis covering the period 
of 1990-2000 reinforced the growth rate of household consumption of goods and 
services. Conversely, the graph shows the dramatic decrease in electricity 
consumption due to the rationing that occurred in 2001 (see the discussion below 
regarding blackouts). The reduction also occurred due to the introduction of 
equipment regulated with minimal rates of energetic efficiency, derived precisely 
from the Law of Energetic Efficiency.
60
  
 
Figure 2.2 – Electricity Consumption (red line). Source: EPE (2013) 
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This period saw rapid change in a general increase in per capita income of the 
population, and in the redistribution of income in Brazil. For instance, this led to an 
acceleration of the increase of ownership and use of appliances in Brazilian homes 
and growth in the number of cars. As a result, electricity consumption grew over 
4.4% per year between 2001 and 2011.
61
 One reason for this growth is consumers’ 
tendency to buy electric equipment based on a low initial cost, ignoring future 
operational costs. This behaviour is explained by the small portion taken by 
electricity in people’s household costs,62 as well as the high credit rates prevailing in 
Brazil, which do not encourage buying energy efficient equipment.
63 
According to 
the EPE, in 2005, 33% of the total energy consumption in Brazilian residences was 
due to electricity, and this number will increase up to 60% in 2030. Electricity 
consumption is predicted to rise in other sectors as well, but not as substantially as 
the residential sector. EPE data also indicates that air-conditioners were responsible 
for 9.2% of the total household consumption in 2005 and this will grow more 5.2% 
in the next years. Meanwhile, 20% of the service sectors’ consumption of electricity 
is in the use of air-conditioners.
64
 
National and international investments in the Brazilian energy sector contribute to 
increasing the energy demand; thus, creating greater economic stimulus.
65
 When 
more money circulates inside the country, people have greater financial freedom for 
extra expenditures such as appliances. The result of greater purchasing power is the 
growth in energy consumption, which Mauricio Carneiro summarised as “greater 
economy, higher power consumption”.66 In fact, the electricity demand grows even 
faster than the economy and the energy demand.
67
 In the 1980s, a lack of investments 
in the energy sector resulted in a failure to meet demand, contributing to Brazilian 
economic crises in that decade. This explains the considerable expansion of 
electricity consumption since 1980s, as asserted by Schaeffer and Salem Szklo:
68
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a) An important share of Brazilian industrial production is based on electric-
intensive industries, such as aluminium, chemicals, and iron and steel. 
These electricity-intensive sectors account for much of Brazil’s industrial 
consumption, and are also important exporting segments of Brazilian 
industry […]. 
b) The residential sector consumption grew in the 1980s at large rates, 
meaning that there was a potential power demand not covered by the 
electricity sector at the beginning of the 1980s. This potential electric 
demand remained in the 1990s, with marked regional disparities and a 
growth potential of the electric demand among many regions of the 
country […].  
Population growth is another issue that would raise energy consumption.
69
 A greater 
number of people increases demand for energy, which means that energy production 
and demand are not equally balanced. Following what has already occurred in 
developed countries, the advancement of emerging nations tends to raise the 
electricity required to supply social and economic necessities. Therefore, the 
electricity demand in Brazil will continue to experience rapid growth and the 
institutional reforms in the domestic power sector have the potential to affect the 
future electric power technology choices to meet this rising demand. These choices 
involve sensitive changes to the future production of electric power in Brazil, 
especially in an era of climate change. If demand for electricity increases at the same 
time as the effects of climate change increase, it makes energy production more 
difficult, consequently aggravating the problem. 
 
2.3.2 Historical Blackouts Related to Hydroelectricity’s Reliance 
Brazil has numerous rivers that enable hydroelectric production. The abundance of 
water sources provides incentives to the use of hydropower dams as the main source 
of electricity. The investments made by the Brazilian government in the electricity 
sector have increased over the past ten years; however, some disastrous events have 
already proved the inefficiency of these investments to ensure energy security. 
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Extreme weather events have threatened the hydroelectric sector and the State has 
faced tremendous blackouts in the past. These historical examples provide lessons 
for the future with respect to climate change. The irregularity of water flow levels 
caused by climate change will challenge hydropower operations, leading to more 
blackouts in the future. The lack of comprehensive legislation addressing the 
adaptation of hydropower under the effects of climate variability also contributed to 
those blackouts. Therefore, studying these negative experiences provides information 
to policy-makers and reinforces the need for legislation to address the impacts of 
climate change, especially in relation to hydropower dams.   
Historically, the reservoir installation for dam-building in Brazil began in the late 
19th century; however, the adoption of hydropower only became relevant to the 
Brazilian energy supply after the Second World War (1939-1945). From 1990, 
hydropower construction investment in the country decreased. As a result, a 
privatisation process occurred in the electricity sector in 1995 with the aim of 
increasing the number of investments in this field. However, the proposed new 
model for the electricity sector and the construction of new plants did not occur; thus, 
the existing reservoirs were gradually being emptied, reducing electrical 
generation.
70
 The consequences were successive blackouts and an energy crisis in 
Brazil, which culminated in power rationing in 2001 and 2002,
71
 affecting large parts 
of the country.
72
  
In January 2001, the country's main reservoirs were at approximately 31% of 
capacity,
73
 causing a drop of 28% to 46% in electricity production compared to the 
previous year.
74
 Following this, a drought severely impacted Brazil’s vast system of 
hydroelectric power, worsening the power shortages.
75
 This drought reduced 
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reservoirs at key dams and forced the government to ration electricity.
76
 Meanwhile, 
Brazilian society had successfully cooperated to reduce domestic consumption, 
which re-established energy security. 
However, during this period, planning and feasibility studies into Brazil’s electricity 
sector ceased,
77
 causing insecurity and instability for the energy sector over 2001 and 
2009. This lack of investigation relating to the factors that impact Brazil’s electric 
system was a problem for hydropower security. When strong winds, lightning, and 
heavy rains hit three transformers on a high-voltage transmission line in 2009, it led 
to a short circuit, causing a massive power failure that darkened major parts of 
Brazil
78
 and all of Paraguay for between two to four hours through a domino effect.
79
 
The transmission lines connecting electrical points unleashed several blackouts. Each 
transmission line affected turned off the following transmission line, and so on. A 
total of 67 million people were affected, which ultimately led to the shutdown of the 
Itaipu hydroelectric dam after the lines connected to the plant went down.
80
 The dam 
stopped producing 18,000 MW
81
 of electricity,
82
 causing chaos in both Brazil and 
Paraguay. During the blackout, a number of car accidents were reported due to the 
lack of street lighting,
83
 public transport was affected, and many airports were shut 
down. This led to hospital emergencies,
84
 and military police were also in the Rio 
and São Paulo tunnels to close them to traffic and prevent looting and assaults.  
Importantly, the intense storm was not sufficient to explain the resulting lack of 
electricity, and the reliability of the Brazilian electric grid was in doubt in terms of its 
ability to provide energy infrastructure to match the surging economy. This concern 
was especially relevant because Brazil was investing tens of millions of dollars to 
upgrade its energy generation and transmission capacity; thus, these safeguards 
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should have provided limited disruption from storms.
85
 Both blackout episodes are 
among the 10 worst blackouts in the last 50 years,
86
 as broadcast by Power 
Technology.
87
 
Following these catastrophic events,
88
 the Brazilian government took positive 
measures by extending studies and projects to enhance hydropower usage, which 
resulted in further construction, especially for small-sized plants that caused less 
environmental impacts (see Chapter 3).
89
 In 2012, the president of Brazil, Dilma 
Rousseff, announced a cut in the utility rates, which resulted in a “green light” for 
Brazilian consumers, who increased their use of air-conditioners and left their lights 
on.
90
 The attitude forced the government “to switch on expensive, fossil-fuel burning 
thermoelectric plants to avoid blackouts, and then to bail out power companies 
barred from raising their rates”.91 Adriano Pires, from the Brazilian Centre for 
Infrastructure, believes that Brazil’s power sector is currently $42 billion (114 billion 
reais)
92
 in debt. Yet, the Brazilian government has apparently been making contrary 
decisions to ensure energy security, despite the efforts adopted years ago. 
These experiences clearly illustrate the challenge of providing adequate and stable 
electricity supply. Electricity is fundamental to Brazil’s economic growth as well as 
fulfilling the basic rights of electricity users. Government and interested parties must 
consider the future impacts of climate change on water flows and adapt the energy 
system accordingly. History has demonstrated that problems will occur if there is no 
legislation that allows for the system to adapt to environmental changes. Therefore, 
the operation of hydropower dams must have the flexibility to meet climate 
vulnerabilities to reduce the risks of blackouts.   
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2.3.3 Continuous Investments in the Hydroelectric Sector 
Hydropower has historical importance in terms of economic development and it 
continues to contribute to Brazil’s national growth. Hydropower also performs an 
important role in the integration and development of rural regions that have 
previously been isolated from the great urban and industrial centres of Brazil. 
Despite new initiatives to diversify Brazil’s energy generation93 – principally due to 
climate change concerns and more alternative renewable sources – some energy 
planning agencies and industries have been pressuring for a major increase in 
hydropower supply in Brazil. The argument for this relies on the idea that 
hydropower dams are crucial to Brazil’s economic growth, as national sovereignty 
and gross domestic product would be strengthened as a result of higher energy 
generation. Additionally, more electricity means more investments in other 
functional areas, increasing manufactoring production and resulting in economic 
growth. However, investors regularly ignore the future impacts of climate change on 
water resources, which is a mistake considering there are no policies in place to 
allow for the adaptation hydropower dams to the effects of climate change. 
According to the current Mining and Energy Secretary of Brazil, Eduardo Braga, 
challenging moments create opportunities and Brazil has an enormous energy 
market.
94
 There are presently many investment opportunities available and the 
Brazilian exchange rate in relation to the US dollar and the Euro has provided an 
attractive incentive for foreign investment.
95
 Braga indicates that Brazilian 
government leaders are focused on improving the energy system. However, investors 
need to support market demand and deal with the challenges imposed by a country 
that has been under pressure in terms of politics, economics, and environmental 
impacts (see Chapter 3). The effect of climate change on water flow levels can be 
catastrophic for hydropower dams. However, the Brazilian government overlooks 
such issues and continues to invest in hydroelectric schemes. The lack of an adaptive 
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framework threatens hydropower operation, a problem that must be considered by 
investors.   
Climate vulnerabilities and related commitments force Brazilian leaders to keep 
seeking investors, including foreign investors, to expand the power system.
96
 
According to Braga, the generation and transmission of energy will be strongly 
extended to meet the commitments signed by Brazil, allowing for the leverage of 
investments.
97
 Additionally to climate change, there is great political and economic 
pressure to attract international capital investment,
98
 which often overlooks climate 
change issues. For Brazil’s government, it is natural to continue looking for ways to 
support investors, proving and ensuring its ability to meet current and future energy 
demands, while its citizens just want stable supply to their homes, businesses and 
other services.
99
  
While there is general agreement regarding the importance of strong electricity 
generation, critics of hydropower advocate for a more appropriate and less 
destructive method of energy generation. Hydropower is a contestable renewable 
energy source, as Chapter 3 demonstrates. To respond to these criticisms, Mauricio 
Tolmasquim, the head of Empresa de Pesquisas Energéticas (EPE) (a national 
energy planning company),
100
 argues that opponents “would have Brazil return to the 
stone age”,101 which is a radical perception of hydropower management, whilst 
environmental impacts and climate change are contemporary concerns that must be 
carefully managed. In this context, an adaptive legal framework would allow for 
more reliable hydroelectric distribution, and would encourage the stable supply and 
maintenance of electricity generation and energy security. 
The charts provided by the IEA
102
 illustrate the investments made by the government 
in Brazil’s electricity sector. Figure 2.3 demonstrates that Brazil’s hydropower 
supplies more than three-quarters of the country’s electricity. Figure 2.4 compares 
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the 10 highest electricity generating countries by total net generation with 
hydroelectricity. 
 
 
Figure 2.3 – Brazil’s Electricity Generation by Fuel Type (2002-12). Source: U.S. 
Energy Information Administration, International Energy Statistics 
 
 
Figure 2.4 – Top 10 Electricity Generating Countries (2011) Source: U.S. Energy 
Information Administration, International Energy Statistics 
 
This data demonstrates that hydroelectricity is the main source of power generation, 
compared to other energy sources, such as fossil fuels, nuclear, and non-
hydroelectric renewables.
103
 The only period that hydroelectricity showed a slight 
decrease was in 2012, possibly due to climate events that affected the Brazilian 
hydro system (see topic 2.3.2).  
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Meanwhile, Figure 2.4 presents an interesting comparison between the leading 
countries in electricity generation in 2011. Brazil clearly has a great reliance on 
hydropower, followed by fossil fuels, non-hydroelectric renewables, and finally a 
small amount of nuclear power. Although Brazil has the greatest dependence on 
hydropower plants, it actually occupies the second position in the ranking of 
countries generating electricity from hydropower plants, just behind China.
104
  
In addition to the strategic decisions undertaken by Brazilian leaders committed to 
developing and exploring hydropower usage, plants that have been under a tendering 
process or are under construction in the Amazon will also be among the 10 largest 
plants in Brazil. This list includes Belo Monte (which will have an installed 
superpower of 11,233 megawatts), São Luiz do Tapajos (8,381 MW), Jirau (3,750 
MW), and Santo Antonio (3,150 MW). Among the largest Brazilian dams
105
 that are 
already operating and generating electricity there are the iconic Itaipu (14,000 MW, 
or 16.4% of consumed energy), Tucurui (8,730 MW), Ilha Solteira (3,444 MW), 
Xingo (3,162 MW), and Paulo Afonso IV (2,462 MW).
106
 The Itaipu Dam is not 
only the main Brazilian hydropower plant, it is also the second largest operating 
plant in the world.
107
 The use and operation of these hydropower dams have to be 
adapted to climate change impacts through an effective legal policy, otherwise their 
output will be hindered.  
Although Brazil has been increasing its investments in thermal power plants and 
alternative energy sources,
108
 the government continues to attempt to explain its on-
going preference for hydropower plants. The reasons given focus on the favourable 
conditions offered by hydroelectricity to meet the expected socio-economic growth 
in the coming years, in terms of cost (economic competitiveness), environmental 
sustainability, greenhouse gas emissions index, and reliability in supply.
109
 However, 
hydro resources are not inexhaustible and the amount of hydro energy actually 
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available depends on other factors that should be considered before undertaking 
potential exploration. These factors may include topography, rainfall, change of river 
flows, technology, and the period of effective functioning of the installation when it 
is integrated into an electric system. This means that each region will present 
different local features and any national studies conducted need to take this variance 
into account.
110
 Overall, given the national importance of hydropower dams in 
Brazilian, it is vital to have a legal framework that allows for its adaptability and 
stability in the context of climate change.  
 
2.4 CONCLUSION 
This chapter introduced some initial evaluations concerning Brazil’s environment 
and its hydroelectric potential. These evaluations confirm the relevance and 
importance of hydropower dams, as well as demonstrating the political achievements 
and failures relating to the energy sector. With over 80% of the total electricity 
produced by dams from approximately 14% of power plants to date, Brazil’s reliance 
on hydropower has been largely criticised. The criticisms relate to the dependence on 
hydroelectricity and the vulnerabilities and exposure that result, such as climate 
change, and the environmental impacts of hydropower dams. Furthermore, the 
increasing demand for electricity threatens Brazilian energy security, as more 
electricity will be needed to meet the high demand. However, due to the large hydro 
potential existing in the country, the government continues to invest in hydropower 
as a renewable and sustainable source of energy. History has already shown the 
disastrous blackouts caused by reliance on hydropower dams, which may worsen 
over time due to climate change and the growth in demand growth predicted over the 
next few years.  
In order to ascertain more precisely the risks posed by climate change to Brazil’s 
energy security, the next chapter examines in more detail the correlation between 
hydroelectricity and the potential problems caused by changes in the climate. It 
discusses the concern over Brazil’s reliance on hydropower from government, 
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specialists,
111
 and society. Chapter 3 evaluates the impact of climate change on 
hydropower dams and the surrounding ecosystem, as well as discussing issues of 
human rights. It then raises additional political, social, and environmental problems 
that threaten the stability of hydropower and must be solved to ensure national 
energy security. 
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Chapter 3: The Controversial Use of 
Hydropower Dams 
3.1 INTRODUCTION 
Given Brazil’s water resources and its significant investment in the hydroelectric 
sector, some issues have arisen from the use of this energy source. Brazil’s electricity 
sector is vulnerable, as it is exposed to extreme climate variations. This vulnerability 
is due to the dominant use of hydroelectric plants as a generator of electricity, and 
the susceptibility of the plants to hydrological variability resulting from changes in 
the climate, such as temperature and precipitation.
1
 The impacts of hydroelectric 
constructions on the environment also create challenges which Brazil must confront. 
History has already shown electricity losses and blackouts (see section 2.3.2), and 
having a reliable hydroelectric system will soon become more difficult due to the 
uncertainties related to extreme climate variations and the environmental impact 
caused by dams. All of these issues require attention from governments and policy-
makers. A strong legal framework addressing these problems and drafted with the 
objective of achieving environmental and electric protection is fundamental to 
ensuring energy security in Brazil.  
This study contributes to the field with analyses and discussion directed at creating a 
legal framework to adapt hydropower plants in Brazil – and any other State relying 
on hydropower – to the aforementioned challenges. Understanding the effects of 
climate change on hydro sources and the impacts of dam constructions in the social 
and physical environment will assist with the development of a framework based on 
scientific predictions and legal baselines. Accomplishments and errors regulating 
hydroelectricity nowadays are analysed, justifying the need of an adaptive regulation 
to fulfil gaps concerning hydropower operation in the climate change context. This 
chapter critically evaluates the risks posed by global warming to the electricity 
sector, linking hydropower, climate change and environmental impacts from 
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different perspectives, which need to be considered in order to formulate an 
innovative legal framework. 
 
3.2 THE CHALLENGES POSED BY CLIMATE CHANGE TO THE 
PRODUCTIVITY AND RELIABILITY OF HYDROPOWER IN 
BRAZIL 
Climate change has been occurring naturally since the creation of the world;
2
 
however, human beings have rapidly hastened its impact.
3
 Global warming can have 
several consequences on the environment: problems with the supply of water; more 
variable levels of rainfall; more floods; more droughts; glacial meltdowns; and rising 
sea levels with the risk of inundation of coastal communities, freshwater aquifers, 
rivers, and mangrove deltas.
4
 Consequently, hydropower operating procedures and 
their energy production capacity in Brazil are exposed, as there are no legal 
protection to control the effects. Various studies into the legal importance of 
addressing climate change reveal the impact of climate change on Brazilian waters in 
more detail. If the production and reliability on hydropower are affected due to a lack 
of an efficient legal framework to face changes in water-flow levels, the 
consequences could be disastrous to Brazil, even threatening its sovereignty as 
electricity stimulates States’ socio-economic and cultural development, in addition to 
the important energy autonomy of Brazil.
5
  
The Brazilian energy system is distinctly vulnerable to climate change. The research 
Estudo Sobre Adaptação e Vulnerabilidade a Mudança Climática: o caso do setor 
elétrico brasileiro (Adaptation and Vulnerability Regarding Climate Change: the 
Brazilian energy sector case) developed in 2013, for instance, analysed Brazilian 
climate vulnerability
6
 based on global exemplars, such as the Intergovernmental 
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Panel on Climate Change (IPCC),
7
 but presented different scenarios and projections 
for the long term. These international exemplars make it difficult to apply the study 
to the Brazilian case due its regional variations.
8
 Despite this, Brazil’s climate 
change projections and scenarios were analysed, and changes in temperature and 
precipitation were evaluated, especially as it applies in the basins with industrial 
agglomeration.
9
 These estimations contribute to the development of a legal 
framework in Brazil, as law-makers would be able to use such predictions to develop 
an effective framework. 
The effects of climate change on Brazilian waters were also observed in the study:
10
 
in summary, they will negatively impact electricity distribution. Naturally occurring 
events such as droughts and rainfall irregularity could significantly affect 
hydropower generation, mainly the run-of-river type.
11
 Therefore, the research shows 
that the Brazilian energy sector’s dependence on hydroelectricity can accentuate, in 
the medium term, energy insecurity as the capacity of hydropower dams will be 
reduced in most regions. In addition to the fact that the power generation sector is 
susceptible to the impacts
12
 from climate variations – both natural and climate global 
changes
13
 – the conclusion of the research reveals a differentiated vulnerability of 
hydroelectric plants.
14
 The characteristics and dimensions of the installed capacity to 
generate electricity in relation to the exposure of river-flow variance intervene in the 
capacity to produce energy. Overall, the dams containing reservoirs tend to have 
more manageability of their vulnerabilities when they are appropriately scaled to 
their production conditions,
15
 as water could be stocked for longer. However, the 
reservoirs’ capacity could be worsened depending on the intensity of the impact of 
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climate change on Brazilian waters, resulting in problems with projections of electric 
output. 
The risks surrounding hydroelectric production are manifested from the daily, 
seasonal, and annual natural variability, as well as global and regional climate 
change. However, it should be noted that climate change is a long-term change, 
while climate variability is a natural event and tends to occur cyclically. The annual 
records of the variability in temporal series show certain characteristics in the 
temporary behaviour to describe the present and to predict the movements of future 
variations. These records inform the analysis of adaptation options into the 
management process of climate risk. The consequences of a decrease in electricity 
generation can lead to serious social, economic, and ecological impacts when 
societies are not able to predict, to adapt, or to respond to these conditions.
16
 Brazil – 
and many other countries – depends on energy to increase their profits and promote 
the basic human rights, such as the right of dignity. Therefore, more adaptive 
approaches, engaging different fields, are essential to ensure hydroelectric production 
in Brazil due to its great reliance on hydropower dams. 
The current Brazilian strategy for electricity production is disassociated from a more 
precise perception of climate change, and this will lead to a more insecure 
environment in terms of energy and economics. This conclusion emerges from an 
analysis based on global samples, such as the IPCC,  about the climatic vulnerability 
of three Brazilian hydropower plants.
17
 These dams are located in the two main 
watersheds in the country and produce over 60% of the installed electric capacity in 
Brazil. Indeed, climate change projections reveal that water availability will 
dramatically decrease in the north and north-east regions of the country. The north-
east region of Brazil will be the most affected due to the reduction of flow in the 
basin of the São Francisco river.
18
 Due to the low levels of water, hydropower 
production will be negatively affected and the average loss of electricity generation 
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will be higher than 80% in some places, such as the Parnaiba and Atlântico Leste 
Basins.
19
  
An alternative study made by the Climate Change and Energy Security concerning 
climate change impacts on the Brazilian waters revealed that, in all simulations 
analysed, there is a trend for decreasing the energy supply, to a greater or lesser 
degree, depending on the region.
20
 Thus, the possible impacts of global climate 
change on the Brazilian hydroelectric system would range from changes in the 
average behaviour of flows in river basins that produce energy, to changes in the 
probability of extreme events (such as storms and severe droughts), which could 
impair plant operation. Overall, conservative numbers
21
 predict drops of 1.0% to 
2.2% in electricity production from hydropower dams.
22
 There is a general negative 
trend in flow and in electricity generation, although the 2.2% prediction will not 
result in the same proportion to the flow due to the multi-annual capacities of the 
reservoirs.
23
 
By contrast, the same study indicated that the reduction in the flow should not have a 
proportional effect on power generation because the reservoirs act as shock 
absorbers, managing the amount of water available for the generation of electricity.
24
 
Good reservoir management can offset some of the flow loss. However, the problem 
lies in the increase in temperature because of its impacts on the evaporation of the 
reservoirs.
25
 From this point of view, it must be understood that an analysis of 
changes in evaporation as a result of higher temperatures is also important and 
should be studied, especially as some basins, such as São Francisco, would suffer, 
and reservoir management would not be enough to compensate for losses in the 
current natural flow.
26
  
The relevance of these studies to hydropower operation is fundamental in order 
develop a legal framework for ensuring hydroelectricity in Brazil. To date, Brazilian 
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hydropower dams are under threat from climate change and disastrous results from a 
lack of a specific legislation face the hydroelectric sector. The potential impacts of 
climate change on hydropower, such as increasing temperatures and reduction of 
water flow levels, suggest that dams are in urgent need of legal adaptation measures 
to promote energy security in Brazil in the context of climate change. As hydropower 
dams are the main source of energy in Brazil, legal protection is extremely important 
to enforce more appropriate and effective measures of adaptation to enable the 
continuity of on-going electric production. The impacts of climate change must be 
evaluated by policy-makers to secure the current energy capacity and the increasing 
energy demand in the future.  
 
3.3 IMPACTS OF HYDROELECTRIC DAMS ON THE ENVIRONMENT 
Similar to the effects of climate change on hydropower dams, the impacts of 
hydropower construction on the environment are diversified and negative and 
include damage to the ecosystem and human rights issues. Although hydropower 
plays a pivotal role in Brazil’s energy sector, the environmental harm it causes has 
been globally criticised. A sustainable hydroelectric system protects both 
environment and the essential rights of riparian communities (see Chapter 5). Much 
to international concern, the numerous dams in Brazil are impacting on the 
surrounding ecosystem and cause serious social and economic problems.  
Given this, legal scholars and politicians must be aware of the outcomes of poorly-
planned hydroelectric projects if they are developed without engagement with other 
affected areas. Without proper legal control, hydropower dams present barriers to 
sustainability and production. By understanding the environmental and social 
impacts of hydropower it is possible to formulate a legal framework which 
adequately addresses the full range of issues. 
 
3.3.1 Environmental, Social and Economic Problems Arising from Hydropower 
Dams   
There is cause for Brazilians to be concerned regarding the long-term reliance on 
hydropower as source of energy. Hydroelectricity has become a problem due to its 
possible negative effects on the environment and human beings. Larger hydroelectric 
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plants not only impact the physical environment, but also the biotic and social 
environment of the communities nearby, which remain unprotected by law mainly 
due to political interests. 
Brazil has constructed hydropower plants since the early 1960s, a period when few 
social and environmental concerns were considered in such projects. Due to a lack of 
knowledge regarding costs, the implementation of those projects underestimated – or 
in some cases did not consider – the costs related to the damage caused to the 
environment and in relocating affected populations.
27
 During that period, discussion 
about technological alternatives for electricity generation and measurement of the 
lakes created by immense dams was uncommon. Local residents suffered, as the 
companies building the dams simply sent them a notification without any previous 
discussion, advising them of the construction of a barrage and their consequent 
removal to another area. The fact that Brazil had not signed the Aarhus Convention
28
 
affected riparian communities as well as individuals within those communities. 
Unlike the Aarhus Convention, the Declaration on the Rights of Indigenous Peoples 
(UNDRIP) was adopted by Brazil and entered into force in 2007, and states the 
concept of free, prior, and informed consent. The objective of the UNDRIP is to 
encourage States to work together with indigenous people to solve worldwide issues, 
such as development, decentralisation, and multicultural democracy.
29
 The adoption 
of the UNDRIP presented a great advance in Brazil’s legislation, although its 
applicability usually faces barriers due to political interests and the fact that it 
focuses on indigenous people rather than the overall community affected by 
hydropower projects.  
Consequently, Brazil’s hydropower plants need fill gaps existing between 
hydropower projects, environmental protection and social-economic interests, 
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approaching specific law expertise to hydropower projects and professionals 
responsible for these projects, in order to have the best outcome from their 
cooperative work. The management of each interest, like those related to hydropower 
projects, environmental protection, social and economic, depends on the expertises 
areas working together with focus on sustainable hydroelectric development, as 
detailed below. 
 
3.3.1.1 Environmental Impacts of Hydropower Dams 
Apart from the anthropological effects, some natural events may cause a range of 
failures when building and relying on hydroelectricity. Most of these failures – such 
as droughts – were identified years ago; however, policy-makers have not done 
effective work until recently, resulting in risks to the energy sector. Building a legal 
framework that considers such environmental impacts would improve the quality of 
hydropower dam projects and ensure energy security in Brazil. 
Brazil classifies the current water loss that diminishes the output of hydropower 
dams as “lowering”. Evaporation causes water losses, therefore the loss could vary 
depending on the climate and the specific period of the year. Furthermore, electricity 
generation is not officially considered a source of pollution, but can actually cause 
alteration of water quality. The large dam constructions cause flooding in areas 
containing abundant vegetation and considerably affect water quality, and may also 
affect the entire surrounding environment.
30
 According to the Word Commission on 
Dams, “dams and other water infrastructure significantly impact on freshwater 
ecosystems by changing the quantity, quality and timing of water flows, creating 
barriers to movement of wildlife, sediment and nutrients, and inundating particular 
habitats”.31 For these reasons, the current hydropower constructions have been better 
planned, aiming to mitigate their impacts upon the environment while remaining an 
efficient method of electricity generation. 
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Problems may also occur when conflict arises between local atmospheric pollution 
and global climate change, depending on how national priorities are set.
32
 In a period 
of growing concern with greenhouse gas emissions (GHG) due to climate change, the 
air pollution caused by hydropower dams has to be carefully managed in order to 
control environmental harms, as GHG increases global warming. The disparity in 
priorities takes into account local and global atmospheric pollution, which arises 
from electric power generation. Specific gas emissions can provoke damage in 
different proportions, normally limited to particular areas, whether of large or small 
scale, where the direct and indirect effects of emissions can be seen. Some gases, 
such as nitrogen oxides, have a negative impact on both local atmospheric pollution 
and global climate change issues.
33
 In addition, the greenhouse gas emissions related 
to nitric acid can cause acid rain, resulting in local environmental impacts that make 
the arguments against hydropower dams even stronger. The opposite occurs with 
other pollutants, such as carbon dioxide, which have only global effects and no local 
impacts. Schaeffer and Salem Szklo make two important distinctions between local 
and global environmental impacts:
34
  
a) as the analysis moves from the local to global level, the level of concern 
and the interest groups involved with environmental matters change, both 
qualitatively and quantitatively, due to their distinct spatial, and 
sometimes, temporal standards;  
b) a direct relationship between local and global environmental issues is not 
necessarily correlated.
35
 It is necessary to undertake a deeper investigation 
of the extent of the likely restrictions
36
 on emissions of GHG in the 
atmosphere (principally carbon dioxide), as the emissions can impact on 
the patterns of other air pollutants with local relevance.
37
 
These characteristics are indubitably relevant to Brazil and other countries, as control 
of GHG emissions is relevant to controlling climate change. Hydropower dams are 
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closely linked to climate change and increasing global warming, despite hydropower 
being regarded as a renewable source of energy. As seen in Chapter 2, the 
implementation of hydropower dams will tend to increase in the future as an 
alternative source of green energy. The remaining water resources in Brazil will 
enable new hydropower projects. If this happens, robust legal frameworks must 
prevent the uncontrolled use of hydroelectricity due to climate change impacts and 
environmental harm.   
 
3.3.1.2 Social Impacts of Hydropower Dams 
The construction of hydropower dams can also lead to social problems, as local 
communities and indigenous peoples are affected by these projects that overlook 
their fundamental rights. Brazilian legislation is favoured towards economic 
development and, therefore, infringes several social rights in this context. 
Understanding the procedures adopted by the government supports the need to have 
an adaptive approach to hydropower and the associated social problems. Renewable 
energy is important, but the development of an efficient legal framework requires 
deeper understanding of the problems that may arise from new projects or the 
improvement of existing dams. 
For instance, communities living in target areas are prone to flood events due to the 
construction of new dams. These communities are also affected by governmental 
decisions in regards to their human rights
38
 as their opinions and interests are not 
taken into account. In addition to consent, relocation has great impact on the 
livelihood of riparian communities. The legal compensation earned by those local 
communities has frequently been completely inadequate and the inclusivity of the 
negotiations doubtful,
39
 favouring particular interest groups which do not properly 
attend the legal procedures to build dams. For example, the Itaparica, Sobradinho, 
Balbina, and Tucurui hydropower constructions were predominantly problematic,
40
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as the local communities were inadequately refunded in relation to their relocation 
and the social pressures exerted by environmental and social groups.
41
  
The Movement of Those Affected by Dam (MAB)
42
 estimates that one million 
Brazilians have already suffered dam construction impacts and 70% of this 
population have not been compensated for their losses. Nonetheless, one of the 
beneficial results derived from these negative impacts was the inclusion of social 
organisations into the process of conception and construction of hydroelectric 
plants.
43
 However, the involvement of legal processes to ensure social welfare needs 
more concrete approaches in order to ensure that results would enable real justice for 
those directly involved and impacted by hydropower projects.  
  
3.3.1.3 Costs Related to Hydropower Dams  
The cost of construction and operation of hydropower dam projects involves costs 
that have to be considered by the government and other investors. Observing these 
aspects assists in understanding the reasons behind the expensive costs associated 
with hydroelectric projects and future investments in hydropower dams that affect 
the population. Firstly, the installation of hydropower in Brazil consists of 30% of its 
hydroelectric potential,
44
 which means the country still has several rivers that could 
be used for hydroelectric purposes. Conversely, most developed countries use 70% 
of their hydroelectric potential. Considering its physical dimensions, the 
environment, and the population reaching the mark of over 205 million in 2016,
45
 
Brazil has a relatively low number of hydropower dams. In a country presenting such 
unexplored hydroelectric potential, it is reasonable that leaders support the use of 
hydroelectric plants in order to generate electricity. However, hydropower dams 
require more adaptive measures to enable capacity to ensure energy security in 
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Brazil, and this affects the cost of hydropower projects for both investors and 
electricity users. 
The second relevant aspect is the disparity of hydro distribution in current 
hydropower dams, which affects the dams’ viability and functionality. Although 
Brazil has numerous water resources enabling hydroelectric production, the waters 
sites are not evenly spread. Most of the freshwater is primarily located in the north of 
the country,
46
 far from the major centres in the south-east region.
47
 The distance 
between the water supplies and places with great demand results in high transmission 
costs, in addition to strict restrictions on the environment.
48
 These characteristics are 
relevant to an adaptive legal framework, as without a specific policy Brazil may need 
other water resources to ensure the same hydroelectric generation.  
The costs related to the construction of dams located in places distant from major 
urban centres plays a role due to the resultant impact on personal and family income. 
Hydropower plants located far from the majority of society result in more expensive 
electricity bills, which the low social classes that make up most of the population 
cannot generally afford.
49
 The government tends to pass on the cost of construction 
and transmissions lines until electricity reaches the final destination of the user. Due 
to the length of transmission lines, electricity results in more expensive bills. 
However, high living costs seem untenable for a population that has been struggling 
for many years to sustain the current electricity system and who have not seen its 
benefits. Despite Brazil's great potential for growth and development, the economy 
has suffered as a result of poor governmental management and corruption scandals
50
 
that affect its population. As electricity is a necessity, the government should look for 
a solution to maintain or lower the costs of electricity bills. This improvement can be 
achieved through a legal framework that considers these aspects and drives more 
efficient energy policies, particularly those relating to hydropower dams. 
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3.3.1.4 Public Participation and Hydropower Dams 
Apart from the issues originating from the construction of hydroelectric plants, there 
are other problems involving the Brazilian electric sector. The first is the popular 
acceptance of investments and exploration of new power plants. Public participation 
can occur in various forms, such as voting, petitioning, demonstrating, lobbing, 
debating, lawsuits and so on.
51
 These mechanisms can be used by individuals or 
groups to communicate their opinions on public issues. The public needs to accept 
the changes proposed by other sectors and, if not, at the very least have their views 
considered. Hydropower projects demand strong public participation and acceptance, 
as many communities are directly or indirectly affected by any decision concerning 
hydroelectric use. A legal framework relating to hydropower that includes public 
participation in its content is essential to fulfil the interests of most Brazilians and, 
therefore, be legitimately recognized by society.   
The second problem is public awareness. Public awareness – either through national 
campaigns or online information – of the environmental problems caused by 
hydropower dams can be a barrier for the public and private sectors, and can limit the 
use of the total available hydroelectric potential. This happens when the public has 
knowledge of the environmental harm caused by hydropower dams and this 
awareness is used to increase opposition against projects and limit investments in the 
hydropower sector. Some projects can be less environmentally destructive than 
others; thus, the advantages in building the hydropower dam have to be greater than 
the disadvantages, in order for the public to accept their implementation.  
A third problem relates to proper exploration of potential hydropower sites based on 
studies regarding the potential environmental and social impacts of exploration. The 
question remains as to how exploration in an area would consider environmental and 
human rights
52
 issues. Fourth, there is also a concern in evaluating the impact of 
hydropower in comparison with other impacts caused by technological alternatives, 
such as biomass and wind energy. The public may not have knowledge regarding the 
impact of those technological alternatives, including social, environmental, 
economic, and technology dependence (when the technology is not dominated by the 
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country), supply security (when international fuels are necessary), and national 
security (as technologies such as nuclear technology can result in other types of 
risk).
53
 These technological issues are generally not explained or clarified for the 
general public, which complicates public acceptance of hydropower dams.   
Each problem requires specific knowledge to be given to the public to facilitate 
popular understanding, such as the considerations stated in the Aarhus Convention,
54
 
which can be similarly found in the Brazilian law which incorporates the UNDRIP.
55
 
To achieve broader learning it is necessary transparent discussions are made by 
qualified professionals, so that the public can take a position regarding a determined 
topic. This expert knowledge has to be based on consideration of different points in 
order to provide accurate information, as information can be hidden from particular 
lobbies due to particular interests in some cases. When accurate expert information is 
provided to the public regarding, hydropower, public participation will strengthen a 
reliable legal framework. 
Hence, it is necessary to undertake public consultation that brings in different points 
of view and is based on the opinion of the community who receives and pays for 
electricity before the construction of a dam. This recommendation suggests the need 
for public participation, but only after providing information about the costs and 
benefits of different technologies for energy generation in order to achieve broad 
agreement. The public should also be reminded of the importance of saving 
electricity through educational campaigns. Including these elements in legal 
frameworks would align public interests to investors’ interests, making hydropower 
dams more nationally stable. Climate change should also be a target of public 
participation. 
 
3.4 LOSSES AND DEFAULTS IN THE ELECTRIC SECTOR 
An effective legal framework must address the problems associated with electricity 
loss. Loss in electricity means that the electricity is dissipated during transmission 
and fails to reach its final destination. Power stations generate power that passes 
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through complex and large networks, such as transformers, cables, overhead lines 
and other equipment, reaching the users at the end. However, the unit of electric 
energy generated by power stations “does not match with the units distributed to the 
consumers”56 because some units are lost in the distribution network. Thus, the 
transmission and distribution loss is the difference in the units generated and 
distributed, which are not paid by users.
57
 Some losses occur due to technical 
problems, but others occur as a result of human error. The losses and defaults in the 
electrical sector are among the factors that have compromised the results of tariff 
revisions of electricity, affecting consumers, distributors, and the government. 
Evaluating the different types of losses demonstrates the need for a secure and 
reliable electricity system, which deals not only with climate change, but also 
internal problems in the sector.  As climate change threatens hydropower dams, 
Brazil can only ensure electricity to its inhabitants if these technical and social issues 
related to electricity losss are resolved, so that water-flow levels are managed. 
Therefore, creating an effective legal framework to adapt hydropower to the effects 
of climate change require technical solutions. The goal of studying losses and 
defaults in the electricity sector is to present parallel problems that have been 
occurring in hydroelectric distribution to create solutions that will support the legal 
frameworks relating to the effects of climate change on hydropower, as these topics 
are very closely linked.  
The predominance of hydropower generation requires lengthy transmission systems 
due to the size of Brazil,
58
 and because power plants are not located close to 
consumption centres. This factor, combined with high levels of criminality, including 
theft and illegal connections, results in a great amount of commercial electricity 
losses,
59
 which can partially explains the social inequalities in Brazil.
60
 According to 
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data provided by ANEEL,
61
 the electricity system is split into three different groups: 
generation, transmission, and distribution. The energy made available by distributors 
will always be lower than the energy received from supplier agents. This means that 
some losses are normal to occur for the distributors due to the length of transmission 
lines. In addition, the power loss can be explained according to its origin, as 
demonstrated below:
62
 
- Losses in the basic grid (or transmission): occur between the generation of 
electricity in power plants to the distribution systems. The losses are 
calculated monthly by the Câmara de Comercialização de Energia 
Elétrica (Electricity Commercialisation Chamber) using data from 
generation measurements and the energy delivered to the distribution 
networks. The difference between them results in the amount of loss in the 
basic grid and the cost is prorated at 50% for generation and 50% for 
consumption. 
- Losses in distribution network: occur within the same distribution system 
and can be divided into two categories, according to their cause: 
o Technical losses: inherent to the transport of electricity on the network 
related to the transformation of electricity into heat energy in the 
conductors (joule effect), as well as losses in the cores of 
transformers, dielectric losses, etc. The losses are due to the electricity 
used to distribute energy.  
o Non-technical losses: the difference between total losses and technical 
losses, considering all other losses associated with the distribution of 
electricity, such as power theft, measuring errors, errors in the billing 
process, consumer use that is not measured due to lack of equipment, 
etc. This type of loss is directly associated with the commercial 
management of distribution. 
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The non-technical losses are an important social problem that will increase issues 
concerning energy security in Brazil, in addition to losses caused by technical and 
climate change problems. The Instituto Acende Brasil (Lights Brazil Institute) claims 
that 5% of the total energy bought by distributors is stolen. This percentage 
represents a loss of 5 billion reais (approximately $2 billion USD) annually and a tax 
impact of between 4% to 17%,
63
 depending on the concessionaire.
64
 This data 
illustrates how complicated the management of electricity is in Brazil and explains 
the concerns from the international community in directing investment in climate-
related issues in developing countries. The international insecurity in investing funds 
in Brazil is due to the high level of corruption in the country, as the funds directed to 
supporting renewable energy could be hijacked for political aims or crimes involving 
hydroelectric distribution. An effective legal framework must be able to combat 
criminality to ensure energy security in the state. 
Currently, the social issues in the electricity sector that are related to hydropower 
dam use are leading to a waste of natural resources. Additionally, there are no 
punishment for the crimes related to hydroelectricity. As climate change affects the 
current potential of hydropower plants, and electricity loss due to criminality or 
problems posed by technical reasons increases the issues related to the level of water 
in the rivers, preventative measures must be taken. This poses a significant challenge 
to Brazil, as it requires the government to address historical social problems in 
addition to accomplishing new commitments against climate change. The loss of 
electricity in a country grounded in hydropower, such as Brazil, must be combated to 
support energy security in the country.  
 
3.5 CURRENT MEASURES AND ALTERNATIVES TO ENSURE 
ENERGY SECURITY IN BRAZIL 
Future climate change and hydropower operations require attention from government 
and non-government institutions, as the measures of adaptation required to maintain 
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adequate supply reveal that the lack of strategic legal frameworks to combat climate 
change has had a detrimental effect on hydropower dams. Current data provides 
information regarding the problems faced by Brazil and its current system. The 
analysis and evaluation of this data is fundamental to form the base of the next steps 
taken by Brazil as it builds a legal framework to adapt to climate change issues and 
hydropower capacity. Despite the fact that Brazil has, to date, failed to implement 
legal measures to address the adaption of hydropower dams to climate change, the 
government has made some attempts to deal with climate vulnerabilities relating to 
hydropower, as presented below. 
One concern from the government is regarding the fact that dams located in the north 
and north-east basins face early drought and early humid periods in comparison to 
other areas of the country. This phenomenon requires adequate measures to ensure 
energy security in periods that normally do not present such characteristics. In 
addition, growing environmental restrictions in relation to the construction of large 
reservoirs leads the government to construct more run-of-river dams,
65
 which have 
smaller or absent reservoirs. Due to this feature, “run-of-river relies on coursing 
rivers to generate electricity, as opposed to stored water”.66 For run-of-river 
operations, two geographical features are needed. The first is “a substantial flow of 
water, originating either from rainfall or snowpack melting. The other is a sufficient 
pitch to enhance the water's energy”.67 The higher the fall of water, the more gravity 
there is to turn water into energy. Thus, run-of-river dams are less environmentally 
problematic because there are no water reservoirs. However, dams are most affected 
by climate change due to alterations in precipitation level. If the reservoirs are 
smaller, it means a reduction in the capacity for using them to compensate for the 
driest regimes while the electricity system is expanding. Thereby, the run-of-river 
adaptive capacity is reduced due to the lack of reservoirs.
68
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In addition to environmental impacts, the electricity production is also threatened 
when higher levels of energy consumption are expected on a global scale.
69
 
According to three cases studied by the IPCC, scenarios from 2020 and 2050 present 
deficits in energy generation in different months of the year as a consequence of 
climate change. For the Brazilian Entrepreneurial Council for Sustainable 
Development
70
 (Cebds), the result shows the necessity of investments, starting now, 
in more diversified clean energy sources for Brazilian power plants. If this 
investment was undertaken, it would not be necessary to use other more expensive 
and polluting resources in the future, such as thermal and nuclear
71
 energy, for 
instance, when hydropower starts producing less electricity as a consequence of 
climate alterations. 
For instance, there is the case of the newest hydropower project being built in the 
Amazon region, named the Belo Monte Dam. In installed capacity, the Belo Monte 
will be the third largest dam in the world, behind only the Chinese Three Gorges 
Dam and the Brazilian and Paraguayan Itaipu Dam. Belo Monte is also the largest 
fully Brazilian hydroelectric plant,
72
 representing approximately 10% of national 
consumption.
73
 However, preliminary data from a study developed by the World 
Wide Fund for Nature (WWF)-Brazil in conjunction with the HSBC Climate 
Partnership (consultants who specialise in hydrology and climate change), indicated 
that the Belo Monte Dam could lose more than 80% of its annual income until 2050 
as a result of a flow-depletion at the Xingu river in the most drastic scenarios caused 
by climate change.
74
 Belo Monte would have a dramatic financial loss due to its cost 
reaching into millions of dollars during the 10 years predicted for its construction. 
The study above mainly analysed the climate vulnerability in hydroelectricity 
production in the north of Brazil, focusing on large projects, like the Belo Monte 
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hydroelectric plant. The viability to work involving social, environmental, and 
financial costs should prompt the Brazilian government to consider the viability of its 
developments. Belo Monte will definitely require adaptive measures to control the 
impacts of climate change on water-flow levels, highlighting the need for a legal 
framework to address such hydroelectric impacts. 
Groups of specialists have studied the effects of adapting and integrating the 
electricity sector to the impact of climate change with the aim of ensuring Brazil’s 
electricity generation
75
 Their objective is to provide least-cost adaptation options for 
a range of climate change impacts while also analysing the indirect impacts on 
energy consuming sectors. However, the calculated alternatives were based on 
technical and socioeconomic premises that are likely to evolve and transform in the 
future. Changes in energy prices, technology costs, and technological advances 
influence future adaptation options. The studies also point to changes in consumer 
behaviour and different socioeconomic premises as contributors for modelling 
results, but do not consider extreme weather events and site-specific adaptation 
measures.
76
 This divergence within the study is an error, as climate change impacts 
each area of the country differently. Particular features must be taken into account to 
better adapt the energy system to climate variability and develop a safe legal 
framework. 
However, it is important to note that although the Brazilian electric sector is strongly 
dependent on hydroelectricity and vulnerable to climate variations, the Sistema 
Interligado Nacional SIN (national grid) benefits from the complementarity of 
hydrological regimes across different regions of Brazil. The SIN is composed of 
energy exploration companies from the south, south-east, mid-west, north-east and 
part of the north region, and ensures the use of 96.6% of all energy production in 
Brazil.
77
 Therefore, SIN connects the electrical systems, permitting them to transfer 
energy from one region to another, taking advantage of differences in rainy seasons. 
The system is based on large reservoirs planned for multiannual storage
78
 and reserve 
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turbines for generating additional energy in rainy seasons. Thereby, Brazilian 
hydroelectricity can attend some climate variations on a continuous basis, in the 
high-peak and intermediated hours. When it is necessary to complement hydropower, 
thermal power plants are used in order to support it.
79
  
Hence, as a benefit of SIN, the Brazilian electricity sector might have a lower system 
exposure to climate issues, which means that hydroelectric services would suffer 
lower impacts of climate variabilities, which would enable more equal energy 
distribution even climate change impacting more some areas than others. When any 
water-flow is modified, hydroelectric operations are affected, not only directly, but 
indirectly as well. For instance, these indirect impacts occur when air temperatures, 
humidity, or wind patterns are affected by climate changes. Nevertheless, the key 
variables that directly influence changes in hydroelectricity production are the 
amount of river flows and the dynamics of reservoirs management.
80
 This specific 
knowledge supports Brazilian law-makers in building an effective legal framework 
based on adaptation and focusing on expert opinions in areas such as science and 
engineering, which will detail current and likely problems faced by hydropower 
dams in the future. Improving legal requirements also grounded in these factual 
studies is fundamental to reach goals proposed for an adaptive legal framework 
addressed to hydropower dams. 
 
3.6  CONCLUSION 
This chapter analysed the relevant literature concerning environmental and social 
harms caused by hydropower dams, and its vulnerability to climate variations. The 
analysis showed that, although hydroelectricity is largely accepted and encouraged 
by specialists, Brazilian river levels will be altered in the future, both lower and 
higher levels, meaning that hydroelectricity is unlikely to achieve the same outcomes 
that have been produced until now. Electricity growth demand increases the problem 
and enforces the necessity to adapt laws to these environmental changes.  
This chapter observed that hydropower dams have a close relationship with climate 
change and environmental harm. The first analysis described the impacts of climate 
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change on hydropower dams and the importance in having an effective legal 
framework to enforce adaptation measures in Brazilian hydropower dams. Through 
this framework, energy capacity would be ensured and the increasing demand for 
electricity would be supported. The second analysis focused on the relationship 
between hydropower and energy security. Although hydropower is known as a form 
of renewable energy, dams project result in significant environmental harms. 
Changes in the ecosystem and in the livelihood of riparian communities, as well as 
the costs and scarcity of public participation in negotiations involving hydropower 
projects make hydroelectricity a controversial source of energy. Hydropower impacts 
require effective legal control, as hydroelectricity represents the majority in Brazil’s 
energy mix and will continue having immense importance to ensure Brazil’s energy 
security.  
In addition to the impact of climate change, current electricity losses and defaults in 
the sector increase energy problems. These problems require legal enforcement to 
implement measures to stop defaults and losses in the energy system. This chapter 
demonstrated that Brazil has adopted some measures to ensure energy security, such 
as more diversified sources of energy and SIN connecting electrical systems, as it 
takes advantage of rainy season in different areas. However, the lack of more specific 
rules, especially regulating adaptation of hydropower dams to climate change 
impacts, contributes to more energy inefficiency. 
Therefore, the challenges facing Brazil are to regulate the implementation and 
maintenance of new dams to ensure minimal environmental damage, and to develop 
a legal framework to manage the relationship between climate change and its impacts 
on hydropower production. It is also essential that policy-makers engage with all 
relevant fields to result in an effective legal outcome, despite the uncertain of future 
social-economic changes, such as technology costs. All these aspects must be 
addressed by a legal framework to adapt hydropower dams to the impacts of climate 
change. Thus, the next chapter aims to investigate the current international law 
system, highlighting and analysing gaps in international legal frameworks, 
particularly related to climate change. 
  57 
Chapter 4: International Legal Frameworks 
Relating to Climate Change and 
Hydropower 
4.1 INTRODUCTION 
Contemporary problems relating to hydropower dams, such as the impacts of climate 
change on operation and problems caused by the construction, were analysed in the 
previous chapter. Historical blackouts and current efforts to ensure energy security in 
Brazil supported the relevance of a legal framework to adapt hydropower to climate 
change and improve the hydroelectric system, especially due to the increasing 
demand for electricity. This chapter aims to investigate international measures to 
control or at least manage the impacts of climate change on water-flow levels and 
argue the importance in building a legal framework to adapt hydropower to climate 
change, as hydropower projects are globally encouraged as a renewable source of 
energy. The obligations of international law, particularly the international climate 
change regime, are analysed as criteria for a legal framework. With proper 
international support, Brazil and other states relying on hydropower dams could 
improve their domestic legislations.  
This study particularly focuses on treaties, declarations and general principles. 
Chapter 4 presents legal rules, principles, and regulatory institutions that deal with 
international and climate change law, in addition to the main commitments of Brazil 
to international conferences and conventions. An analysis of these regulations and 
their gaps will determine whether international commitments influence the Brazilian 
green-energy policies and the enforcement of such policies. It will also verify 
whether the international regime has special rules for adapting hydropower to the 
effects of climate change rather than general insights, criticising the current model in 
order to improve hydropower legalislation in Brazil.  
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4.2 CLIMATE CHANGE AND INTERNATIONAL LAW  
Climate change is a global threat that has challenged international relations through 
its diverse impacts and competing interests. Many domains are being crossed, 
implicating all areas of international law and policy.
1
 The fundamental science of 
climate change is well-settled; however, the responses are not fully determined as the 
costs and benefits of climate change programs are globally unbalanced, as well the 
key questions regarding shared responsibility between countries.
2
 It is known that 
climate change threatens species and habitats, both terrestrial and marine, and causes 
potentially dangerous alterations to the world’s atmosphere. Effectively, climate 
change is “the most significant environmental challenge of our time”,3 thus requiring 
protection from international law. A legal intervention is necessary to deal with the 
challenges related to energy efficiency, as changes in water-flow levels affect the 
operation of hydropower dams and the dams are unprotected from climate change 
impacts.  
Law plays an important role in managing these climate and environmental issues, 
including human rights issues linked to climate vulnerability. The Office of the 
United Nations High Commissioner for Human Rights Report 2009 (OHCHR 2009 
Report), for instance, was a response to emerging human rights challenges or 
situations of imperative concern, including issues related to climate change. The 
report demonstrated the results of several “specific activities to support human rights 
international bodies and mechanisms, to monitor and draw attention to human rights 
problems, and to strengthen human rights institutions, laws and policies at national 
level”.4  As such, international standards contribute to promoting enforcement of 
legal rules as agreements are an instrument of legitimacy and enforcement of law for 
signatory parties. The efforts to mitigate greenhouse gas emissions, for instance, tend 
to increase the number of hydroelectric dams in the world. International agreements 
introduce basic standards, which assist Brazil and other States to mitigate and adapt 
                                                 
 
1
 Rosemary Rayfuse and S V Scott, International Law in the Era of Climate Change (2012) Edward 
Elgar Publishing 5. 
2
 Joyeeta Gupta, International Law and Climate Change: The Challenges Facing Developing 
Countries (2006) Yearbook of International Law 16(1): 119. Roda Verheyen, Climate Change 
Damage and International Law: Prevention Duties and State Responsibility (2005) Brill. 
3
 P Birnie, A Boyle and C Redgwell, International Law & the Environment (2009) Oxford University 
Press (3): 335. 
4
 United Nations, OHCHR 2009 Report on Activities and Results (2010) UN. 
  
 59 
their energy system to more sustainable alternatives. The fact Brazil has numerous 
dams in its territory, and that hydropower is generally regarded as green source of 
energy, the use of which is encouraged by the international community, means that 
international measures assist to improve Brazil’s energy security and sustainability. 
However, the environmental effectiveness of the international climate change regime 
can only fulfil its purpose when more specific or local rules are addressed to solve 
hydropower issues, such as the impacts of climate vulnerabilities on dams.  
The following sections present some of the main international treaties regarding 
climate change and the environment. Understanding these treaties assists in an 
analysis regarding the advantages and effectiveness of an international regime 
relating to climate change measures, especially due to international pressure to 
increase the use of renewable energy sources. International legal approaches also 
obligate parties to adopt certain measures to tackle climate change and these 
approaches inform basic principles to improve domestic climate legislation. 
Considering that hydropower dams are an important source of energy in terms of 
climate change mitigation, especially to Brazil, the following analysis observes 
whether hydroelectricity has specific regulation in the international context. 
 
4.2.1 Principal International Agreements  
The international responses to climate change include, among others, the 
international climate change regime
5
 initiated by the United Nations Framework 
Convention on Climate Change (UNFCCC) in 1992
6
 and its later Kyoto Protocol in 
1997.
7
 In conjunction with a number of other agreements, both have considerably 
enriched the content of rules and principles of international environmental law 
through the elaboration of the precautionary principle, the principle of common but 
differentiated responsibilities, and the development of flexibility mechanisms for 
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their implementation.
8
 The immense importance of both accords in the international 
context is clearly seen through the number of countries that took part in the 
UNFCCC, which binds 189 nations worldwide,
9
 while Kyoto binds 195 countries.
10
  
In addition to many treaties, the original text of the UNFCCC has been published in 
six official languages of the United Nations and it comprises 26 articles, 2 annexes 
and a preamble. Its role was the establishment of a “[...] system of negotiation 
through which it would be possible to speedily adopt amendments and updates 
arising from the continuous rounds of negotiations covering development 
protocols”.11 Thus, the UNFCCC is also recognised as a “framework convention”,12 
as it goes further than the concept of a legally binding international agreement. The 
Convention provides a fundamental framework for interstate multilateral cooperation 
in combatting climate change, as well as recognising the principle of State 
sovereignty.
13
 Article 2 of the Convention states the ultimate objective as achieving 
“stabilisation of greenhouse gas concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic interference with the climate system”. 
Article 2 further states that “[…] such a level should be achieved within a timeframe 
sufficient to allow ecosystems to adapt naturally to climate change, to ensure that 
food production is not threatened, and to enable economic development to proceed in 
a sustainable manner”.  
With respect to the Kyoto Protocol, it establishes relevant provisions to stabilise a 
level of greenhouse gases, obligating countries to reduce and control their emissions 
in order to prevent hazardous anthropogenic interference with the climate system. 
Each Annex I party
14
 that had ratified the Convention – the developed country parties 
and all European communities – had their national emissions quotas fixed for the 
first commitment period 2008 to 2012.
15
 However, the efforts put into the Kyoto 
Protocol were not sufficient, failing due to the non-commitment in cutting emissions 
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from the biggest producing-states of greenhouse gas. The United States,
16
 for 
instance, refused to sign the Protocol and developing nations were not under any 
obligation, even though they were members of the scheme.
17
 Initially, only 55 parties 
of the Convention ratified the Protocol. Other developed countries, including the 
European Union (EU) nations, only signed the Protocol after 2004, when Russia 
announced that it would finally undergo ratification.
18
 Currently, there is a total of 
195 parties in the Kyoto Protocol. 
Furthermore, 23 years after the adoption of the UNFCCC, the international 
community has been incapable of creating an effective solution to the climate change 
issue. The complexities involved in solving the differences between nations and in 
arriving at a legally mandatory agreement – that could achieve the aim of 
stabilisation and mitigation of climate change effects – have slowed down the 
process.
19
 Likewise, just as the Kyoto Protocol did not result in successful actions, 
the intention to have a post-2012 successor regime failed during the Copenhagen 
climate change conference in 2009. The Copenhagen Accord
20
 was nothing more 
than a political document negotiated by a small subset of States through the process 
of informal meetings.
21
 Further international agreements were also not able to 
provide a non-elusive agreement involving cooperation and coordination under the 
international climate change regime.
22
 
Some other relevant conventions and agreements include the Rio Declaration, the 
Bali Road Map, the Cancun Agreements, the Doha Climate Gateway, and the 
Warsaw Mechanism. In 2011, new improvements were taken to set up a new 
commitment phase for the Kyoto Protocol and to design a new climate agreement. 
The 17
th
 session of the Conference of the Parties to the Convention (COP) and the 7
th
 
session of the Conference of Parties serving as the Meeting of the Parties to the 
Kyoto Protocol were performed with that intention.
23
 Afterwards, the Doha Climate 
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Gateway
24
 occurred to bolster the Protocol’s efficacy. The Bali Road Map25 also 
contributed to current negotiations, based on the four key issues discussed in its 
action plan: mitigation, adaptation, finance, and technology transfer.
26
 
Moreover, in particular areas of international environmental law there is considerable 
activity outside the international climate change regime that addresses climate 
impacts, as well as adaptation and mitigation responses regarding the global 
environment. The multilateral environmental agreements,
27
 which are considered the 
“external” climate change related activities, aim to protect species and habitat.28 The 
multilateral environmental agreements are also closely linked to the environmental 
impacts caused by different sources of energy, including energy generation 
originating from freshwater. These agreements reflect on environmental protection 
and draw attention to climate change issues. 
 
4.2.1.1 The Conference of Parties (COP 21) – Paris Summit 
One of the most recent events was the COP 21 United Nations climate summit, held 
in Paris in December 2015,
29
 where final agreement represented a step towards 
replacing the expired Kyoto Protocol. The historic Paris Agreement
30
 was signed by 
195 countries after 13 days of negotiations, and it triggered actions and investment to 
combat climate change. For the first time, an agreement reunited all nations into a 
mutual cause based on their historic, current, and future responsibilities. In April 
2016, the COP 21 was opened for signatures and over 150 countries signed it in one 
day,
31
 a record in terms of international agreement.
32
 To enter into force, the 
agreement had to be signed by 55 nations that represent 55% of the world’s highest 
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GHG emitters.
33
 The required number of ratifications was reached in November 
2016.  Importantly, the Intended Nationally Determined Contributions (INDCs) were 
used as the basis of the Paris summit discussion (see more in section 4.2.3). 
Despite the timescale and sequencing of diversified actions across countries 
according to their different circumstances, all major economies must be engaged in 
order to reach the principal objective, which is “to keep a global temperature rise this 
century below 2 degrees Celsius and to drive efforts to limit the temperature increase 
even further to 1.5 degrees Celsius above pre-industrial levels”.34 Although 1.5 
degrees Celsius is still considered a risk,
35
 this limit is a considerably safer defence 
line against the catastrophic effects of climate change. However, the agreement has 
not established a percentage of GHG-cutting emissions, nor when these emissions 
should stop rising. These gaps led to critiques,
36
 but are understandable, as action 
must be taken quickly. Additionally, developed countries are obligated to guarantee 
funding of $100 billion per year from 2020 to 2025, when this value will be 
reviewed.
37
 The money will be used to combat climate change and States must also 
review their national ambitions to cut gas emissions every five years.
38
  
Another crucial aspect of the agreement is the loss and damage compensation from 
avoidable climate change consequences. Many poor nations and island States 
requested the article that excluded the possibility of compensation or liability under 
damage and loss;
39
 thus, it was included.
40
 Ultimately, the agreement aims to 
reinforce the ability to deal with the potential impacts of climate change through 
clear rules on transparency.
41
 These and other goals are directly or indirectly related 
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to Brazil’s energy system, as hydropower is generally referred to by the international 
community as green source of energy. The responsibility attributed to developed 
nations protects the poorest countries. Furthermore, the use of renewable energy 
sources, such as hydropower, must include transparency in its operation to ensure 
hydroelectric energy security and environmental responsibility; thus promoting an 
adaptive and sustainable energy source. 
To reach these ambitious and significant goals, the UN member States submitted 
pledges known as Intended Nationally Determined Contributions to the conference 
and this binds those pledges together into a framework.
42
 The framework includes 
monitoring and verification in a five-year review cycle to assess country performance 
against commitments,
43
 as well as appropriate financial and technical assistance for 
developing countries in accordance with their national objectives. To support 
transparency and accountability in all countries in this process, international 
organisations can also provide data and analysis. The OECD organisation, for 
instance, works jointly with governments to assist in removing barriers in existing 
policies to climate action.
44
  
With respect to the COP 21, the UN Secretary General Ban Ki-moon said “[w]e have 
entered a new era of a global cooperation on one of the most complex issues ever to 
confront humanity. For the first time, every country in the world has pledged to curb 
emissions, strengthen resilience and join in a common cause to take common climate 
action”.45 It is now time for governments to take action. Effective policies not only 
unchain the transformational capacities and the capital of the private sector, but also 
permit investors and other actors, such as cities and regions, to plan with confidence. 
To achieve this, a massive shift is necessary regarding low-carbon, climate-resilient 
systems, and energy efficiency.
46
 In respect to energy efficiency, the COP 21 
considers commitments that will significantly affect the outcomes related to changes 
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in the environment. Therefore, electricity generation is closely linked to climate 
change actions and sustainable moves will support energy programs. Hydropower, as 
renewable source of energy, must be adapted to future climate variations.   
Hence, discussions about GHG emissions are linked to the use and building of 
hydropower dams, as water-flow levels and human rights are likely to suffer from the 
effects of climate change. The current international regime is relevant to Brazil’s 
energy system for various reasons. The obligation in cutting GHG emissions, for 
instance, leads to an increase to hydropower production for Brazil. However, climate 
change will change water-flow levels and this will require adaptation measures to 
manage hydropower operations. Climate change is a phenomenon that threatens 
hydroelectric operation, but it is also mitigated through the use of hydropower dams 
as a green source of energy. Therefore, the application and effectiveness of 
international climate change regimes depend on more specific measures to deal with 
hydropower dams. International law has to focus on hydropower policies in order to 
establish a legal framework that will stabilise and guarantee electricity production 
with quality and awareness relating to climate change impacts. Adaptation of 
hydropower dams plays a crucial role for States relying on hydropower.  
Brazil currently has hydropower capacity that represents a large part of global 
renewable energy output and offsets other countries’ emissions. International law 
must consider this feature and allow for mechanisms that protect Brazil and other 
developing countries from developed States who are also establishing hydropower 
frameworks in the context of climate change. As a large hydroelectric-dependent 
country, Brazil contributes considerably to the mitigation of global warming in the 
world. Some balance related to emissions of greenhouse gas must exist between 
countries. When developing an appropriate legal framework to hydropower, 
international law needs to consider the fact that Brazil, as a country strongly 
dependent on hydropower dams, has been contributing to the reduction of GHG 
emissions in the energy sector for many years. 
Finally, while international law provides basic hydropower standards, it must also be 
open to particular characteristics present in different countries. As each State has 
different environmental, social, and economic features, domestic climate policies 
guided by international law must address local issues. The Brazilian energy system, 
in particular, requires more adaptive measures. Ensuring the international climate 
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regime is relevant to local matters is the most appropriate way to attend to global 
pledges; however, this has not been entirely accomplished due to a lack of regulation 
and commitment between States through international law.  
 
4.3 INTERNATIONAL ENVIRONMENTAL LAW AS AN INSTRUMENT 
OF PROTECTION AND PREVENTION 
International environmental law provides another set of rules and principles that a 
hydropower framework must comply with. The environmental harm caused by the 
construction of hydropower dams in the ecosystem requires strong regulation in 
order to protect the surrounding environment. International environmental law 
reinforces the use of more sustainable hydroelectric systems to reduce environmental 
impacts, in addition to the reduction of greenhouse gas emissions that increase 
climate change problems (see Chapter 3). Therefore, international environmental law 
can enforce an effective, sustainable and adaptable domestic hydropower legal 
framework for Brazil, as it is a strong international framework which bases 
legislations of several countries. Understanding the application of international 
environmental law to address environmental harm caused by the construction of dam 
projects and adapting hydropower to climate change demonstrates the need for 
development of more effective domestic policies in Brazil and other States.  
There has been some reaction by the international community to climate change 
effects. Similarly, international actions have been taken to protect the environment, 
as well as climate regimes. Environmental matters are closely linked to issues related 
to hydroelectric dams, and require special attention from States, particularly Brazil. 
In order to understand the relationship between Brazil’s environmental issues and 
international environmental concerns, it is important to understand how international 
legislation is applicable to Brazilian energy policies. While it is important to discuss 
the domestic legislation, a discussion of the international scenario provides a general 
view of what has been done in the hydroelectric sector to prevent environmental 
harm and climate change. 
International environmental law is part of international law, not a self-contained 
discipline. The establishment of a specific body of law aimed at protecting the 
environment became necessary in order to overcome inadequacies related to 
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environmental harm.
47
 Therefore, most international environmental law is interested 
in "regulating environmental problems, setting common international standards and 
objectives for prevention or mitigation of harm, and providing a flexible rule-making 
process that allows for easy and regular amendment in the light of technological 
developments and advances in scientific and other knowledge".
48
 As environmental 
problems have worsened in the past few decades as the environment is challenged by 
global warming, the study of contemporary international environmental law is 
required in addition to applying general international law to environmental issues.
49
  
International environmental law started with the no harm rule in 1947. Afterwards, it 
was acknowledged through the Stockholm Declaration
50
 in 1972, following the 
Stockholm Conference, which was the first document to recognise a principle related 
to the right to a healthy environment.
51
 Following this, an explosion in international 
environmental treaty-making occurred, embracing a variety of subjects from climate 
change to biodiversity. The natural resources of the environment and how they were 
explored and developed were already topics of interest for the international 
community, although their importance was not yet as duly highlighted and diffused 
as it is currently. The rules belonging to the distinction between international law and 
environmental issues are still significantly influenced by developments that took 
place during the second half of the 19
th
 century. There are also a number of 
fundamental principles guiding the development of international environmental law 
and its application in practice.  
International agreements and other acts assist to discern environmental issues 
through the support of certain general principles and rules. The international 
obligation binding States to adopt particular measures of prevention and protection 
are relevant to domestic policies, as international law sets rules that will be adapted 
to local environmental issues. Geographic features of States influence the 
establishment of more specific environmental laws that are adapted to the country. 
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The rule of international law is to provide general conditions that must be complied 
with by States. A legal framework for hydropower, for instance, needs to obey 
international rules, but also focus on local environmental harms and the effects of 
climate change on dams. International law has established conditions to water 
management, which support the development of a legal framework for hydropower 
in Brazil. 
 
4.3.1 International Law and Water Management 
International law recognises the concern over water management. The gap between 
the demand and supply for fresh water has increased over the past century due to 
factors such as urbanisation, population growth, and an increase of water 
consumption per capita. Changes of habitats also contributed to this reduction in 
supply, as there is more water running off to the sea instead of being absorbed by 
flora and soil, causing the sea level to rise.
52
 In this regard, Hildering said that 
“[w]here an adequate quantity or quality of fresh water is unavailable, the different 
uses of fresh water by different parties will entail competing interests, rights and 
obligations at local, as well as global levels”.53 In regards to hydropower, water 
supply is one of the main features affected by the construction of dams and suffering 
from the impacts of climate change. International law is a strong legal instrument 
that imposes duties on States and guides and supports the development of measures 
of mitigation and adaptation to environmental challenges and changes. 
The primary international concern with water management began relatively late. In 
1977, the international community held the first global conference related to water in 
Mar Del Plata, followed by the water conference in Dublin. The Conference on 
Water and the Environment (ICWE) developed “a set of police recommendations 
outlined in the Conference’s Dublin Statement on Water and Sustainable 
Development”,54 leading up to the Rio Earth Summit in 1992.55 Subsequently, the 
international community included action of “non-binding conventions and 
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declarations, the creation of global water institutions, and the codification of 
international water principles”.56 These initiatives raised a myriad of issues 
concerning international water resource management and led to the creation of 
frameworks addressing issues related to water.
57
 In the Rio Conference in 1992, 
which resulted in the Rio Declaration and Agenda 21,
58
 water resource management 
was addressed in Chapter 18 of Agenda 21: a “non-binding action plan for improving 
the state of the world’s natural resources in the 21st century”.59 The Rio Conference 
generated numerous activities regarding freshwater management and recommended 
the creation of the World Water Council in 1996. The World Water Council hosted 
two forums in 1997 and 2000.
60
 Afterwards, water was considered one of the main 
concerns at the 2000 UN Millennium Summit and the 2002 World Summit on 
Sustainable Development in Johannesburg.
61
 Following this, many other conferences 
around the globe involved water management and sustainable development, but there 
are still some specific issues that need to be addressed.  
Water resources law generally deals with the ownership, use and control of water as 
a resource, having no specific regulation relating to water as a source of energy.
62
 
The rules that govern water management under international law impact the use of 
hydropower, especially in Brazil due to the importance of hydroelectricity as source 
of energy. For this reason, while international water agreements do not exclusively 
regulate the use and control of hydropower plants in the context of water 
management, it is assumed that the environmental harm caused by the construction 
of dams is implicitly encompassed in water agreements. This understanding means 
that water agreements are somewhat useful for hydroelectricity, even though they are 
not specifically addressed to solve hydropower issues. Water agreements suggest that 
States should understand and apply water management schemes in a manner that 
enables the development of an efficient legal framework to hydropower dams that 
will preserve the surrounding environment and manage water in a sustainable way. 
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Another concern is the impact of climate change on water supply. The operation of 
hydropower dams depends on water supply, which is threatened by climate change 
due to changes in water-flow levels. The problem lies in the fact that international 
law and water management do not address the effects of climate change on waters in 
the hydropower context, although dams depend on water-flow levels to generate 
electricity. This gap demonstrates the importance of a legal framework directed to 
hydropower dams in Brazil, and in the international context, and the need to adapt 
hydropower to future water-flow levels. 
This lack of caution in relation to water management for hydropower dams will lead 
to an unsafe energy environment if Brazil does not adopt its own legal environmental 
policies. International law is still one step behind in protecting the environment that 
has continuously been affected by climate change as it has not responded to the need 
for adaptation, specifically for hydropower dams. In fact, electricity originating from 
water is part of the general terms of international environmental law, principally in 
the context of renewable energy. There has been much debate regarding mitigation; 
however, adaptation seems to be more difficult to implement due to local 
peculiarities that may influence results.  
 
4.3.2 Principles of International Environmental Law 
More than the climate change regime and other significant regimes of international 
law, the phenomenon of climate change involves fundamental principles and 
processes of international law. These principles are discussed below. The principles 
can assist in providing clarity, content, and definition to the abundance of rules and 
principles that govern interstate relations and how these rules and/or principles are 
managed when they come into conflict.
63
 Therefore, these principles are the core of 
international environmental law, addressing important ethical and scientific barriers 
that qualify the way of addressing overall international objectives.
64
 The importance 
of understanding the principles is due to their implication in rules related to the use 
of hydropower plants, and therefore the analysis of hydropower dams cannot occur in 
isolation. In particular, Brazil makes decisions about the operation and growth of 
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hydroelectricity based on international principles, especially due to the increase of 
climate change concerns. Some principles stand out due to their applicability: 
according to Birnie and Boyle, the “general principles of international law governing 
resource exploitation and protection of the environment”65 are the principles of 
reasonable use, abuse of rights, equity, and equitable utilisation and non-
discrimination.  
Equity and equitable utilisation is usually “regarded as the primary rule of customary 
law governing the use and allocation of international watercourses”.66 Equitable 
utilisation is a controversial principle; however, generally rules of law require 
recourse to equity to solve disputes, mainly due to transboundary waters. This 
principle considers relevant factors and implies a balance of interests. The context of 
each case determines these factors and their balance, but the overall goal is to use 
water with responsibility. Therefore, rivers that are shared between states and contain 
hydropower dams must obey the principle of equity and equitable utilisation to 
provide energy, but avoid or reduce, at least, environmental harms caused by 
hydropower projects.  
Reasonable use is essentially a principle based on resolving competing claims when 
lawful activities conflict, and is not substantive for environmental protection. Nation 
States can use common spaces, but they cannot abuse this right or interfere 
unreasonably in the other freedoms. It “may enable States to argue that pollution or 
the exploitation of natural resources are illegal if so excessive that the interests of 
other States are disproportionally affected”.67 The principle of reasonable use 
requires that nation States do not cause significant harm in water resources through 
the beneficial uses of water. For instance, hydropower dams can be built if 
environmental damages are controlled; therefore, not impacting the water of other 
States.  
The principle of the abuse of rights can be more relevant to some particular 
environmental issues than others. In fact, the abuse of rights is a dependant principle 
that is “simply an expression of the limits inherent in the formulation of certain rights 
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and obligation which now form part of international law”.68 There is abuse of rights 
when “the exploitation of an individual right injuriously affects the interests of other 
community”,69 constituting the application of the good faith.70 It means that States 
have the duty to consult and negotiate in good faith. A hydroelectric dam is generally 
allowed to be constructed, but the environmental impacts originated from it must be 
minimized. The fact that hydropower is green source of energy and supports the 
economic development of a nation cannot excuse excessive environmental harms.  
Ultimately, there is the non-discrimination principle. This entails “giving equivalent 
treatment to the domestic and transboundary effects of polluting or environmentally 
harmful activities. [...] In effect it requires States with higher domestic standards to 
activities with external effects”.71 It does not matter if a river is located entirely in a 
single State or if is shared with other States. The promotion of a sustainable 
environment must be respected by any State and in any circumstance. Water 
management must prevail, whether it is a domestic or an international river, and 
whether or not it contains hydropower dams.  
Beyond these principles, one of the main and most relevant sections of international 
environmental law, in relation to Brazil, is the common but differentiated 
responsibilities (CBDR) principle, which establishes the responsibility of all States 
to address global environmental destruction, but not in equal measures. Further 
details of the CDBR principle, the reasons for its creation, and how it has been 
applied by States is relevant to understand its functionality for States, specifically 
Brazil. The environmental protection the CBDR aims to provide recognises the 
historical correlation of causing emissions and contributing to the degradation of 
global environmental resources, such as air and water, due to the higher economic 
and technological capability of developed countries. Developing countries argue that 
the United States and the Western European Nations became rich due to the 
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exploitation in their environments in the 19
th
 century.
72
  In addition to the fact that 
these countries have never have suffered environmental restrictions, developing 
countries also have the right of improvement.
73
 Therefore, the first step should be 
taken by the more wealthy nations with more capacity to act and the nations that 
cause more pollution in the air and water, as well as sharing responsibility 
accordingly, grounded in notions of fairness.
74
 
The Stockholm Declaration first highlighted the need for the CBDR principle.
75
 
Numerous other manifestations of the CBDR principle were retroactively 
incorporated into multilateral treaties or declarations, such as the 1972 London 
Convention,
76
 Article 11(3) of the 1976 Barcelona Convention,
77
 and in the Preamble 
to the UN Convention on the Law of the Sea.
78
 The special needs of developing 
countries were also expressly recognised in the 1988 European Comission Large 
Combustion Directive
79
 and in the 1992 Maastricht Treaty.
80
 Similarly, the 1987 
Montreal Protocol
81
 and the Desertification Convention
82
 also adopted the 
principle.
83
 However, the establishment of the CBDR principle was only formally 
adopted in international law in 1992, during the United Nations Conference on 
Environment and Development in Rio de Janeiro. The negotiations were based on 
four key themes – climate change, deforestation, desertification, and biodiversity 
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degradation: environmental issues that require a global response grounded in a 
mutual responsibility. Therefore, the CBDR principle also applies to both climate 
change and other environmental issues. 
However, the CBDR principle has focussed on environmental governance debates 
and political influences
84
 rather than environmental protection, as the most developed 
countries argue the principle could slow down their economies if rigorously 
accomplished. The CBDR principle has not been unanimously accepted by 
developed countries. During the Rio negotiations, for instance, the United States 
claimed that its participation would depend on developing countries being a part of 
any restrictive scheme on a particular commitment.
85
 Another criticism in respect to 
the different obligations between countries in climate treaties is the fact that Article 
4.2(a) and (b) of the UNFCCC do not clearly express the stabilisation commitment 
binding developed countries. States are encouraged to determine and have policies 
addressing climate change. The UNFCCC does not require uniformity of approach, 
and there is a certain degree of flexibility in implementing compromises for those 
economies in transition.
86
 There are no clear fundamental principles guiding how 
countries would share responsibilities, and the assistance provided by developed 
countries for developing countries – such as funding mechanisms, capacity building, 
and technology transfer – are articulated in qualitative language, which complicates 
the monitoring of the effectiveness of their implementation.
87
  The Kyoto Protocol 
even allows some countries to significantly increase their greenhouse gas 
emissions.
88
  
In the Paris Agreement, the CBDR principle was emphasised and it recognised the 
responsibilities of countries and respective capabilities “in the light of different 
national circumstances”, according to Article 2.2 of the Paris Agreement.89 The 
CBDR principle was used to determine the different levels of obligation in terms of 
“reducing emissions, providing funds to tackle climate change, or the kind of 
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information or implementation of climate action plans”.90 Developed countries have 
to keep driving the mitigation of climate change, in addition to providing support to 
developing countries’ actions.91 Whether the Paris Agreement actually included the 
CDBR principle is a point of contention,
92
 as the Paris Agreement “will to move 
beyond the approach to differentiation embedded in the UNFCCC”.93 Thus, the 
commitments binding developed States are only slightly onerous, consisting mainly 
of an obligation to take on national policies and mitigation measures of climate 
change.
94
 There is a possibility of conflict between the expectations of 
environmentalists, and the culture and institutions of international law.  
Legally, the environmental issues were firstly recognised at the UN Conference on 
the Environment in 1972.
95
 In practical terms, the CBDR principle emerged at the 
1992 Conference as a commitment between developed and developing countries, 
according to their position in relation to environmental protection. The focus was that 
environmental governance should be effective and inclusive as possible, considering 
concerns from diverse States, and attributing proportional environmental 
responsibilities. The more broader the States’ acceptance, the more effective the 
outcomes will be. Thus, the CBDR principle is a compromise between developed 
and developing countries’ positions addressing environmental protection. Ethically, 
the CBDR principle is an expression of general principles of equity in international 
law.
96
 
Further study has observed that the several occurrences of the CBDR principle in 
international legal texts include the 1992 United Nations Framework Convention on 
Climate Change in conjunction with the Kyoto Protocol in 1997 and the Rio 
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Declaration.
97
 Article 3(1) of the UNFCCC explicitly mentions the CBDR principle, 
as shown below: 
The Parties should protect climate change for the benefit of present and 
future generations of humankind, on the basis of equity and in accordance 
with their common but differentiated responsibilities and respective 
capabilities. Accordingly, the developed country Parties should take the lead 
in combating climate change and the adverse effects thereof.
98
 
In contrast to Article 3(1), and despite the CBDR principle not being directly 
mentioned, its aspects can also be seen in other articles of the UNFCCC where the 
different responsibilities between developed and developing countries are cited, 
which facilitates its comprehension. Exemplifying another use of CBDR principle, 
Principle 7 of the Rio Declaration states: 
In view of the different contributions to global environmental degradation, 
States have common but differentiated responsibilities. The developed 
countries acknowledge the responsibility that they bear in the international 
pursuit of sustainable development in view of the pressures their societies 
place on the global environment and of the technologies and financial 
resources they command.
99
 
The CBDR principle is justified when there is a legally defined need for shared 
responsibility between two or more States in relation to global environmental issues, 
or part of them, but it also emphasises the differences between developed and 
developing countries.
100
 Brazil is one of the developing countries that were not 
significantly responsible for global warming, and therefore the application of the 
CBDR principle is important. The number of hydroelectric dams that exist in the 
country also produce low GHG emissions, which helps to mitigate climate change. 
Therefore, the international community has the obligation to concede benefits to 
Brazil, such as proportional Green Climate Funds to support adaptation of 
hydropower dams to the effects of climate change, while the State prepares itself to 
adapt hydropower dams to the environmental impacts mainly caused by developed 
countries. The international effects of climate change will impact on the energy 
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sector in Brazil; thus, it is fair if the country has more financial support and other 
benefits from international organisations to better apply an effective legal framework 
addressing the use of hydropower. 
 
4.3.2.1 Legal Instruments Supporting the Common But Differentiated 
Responsibilities Principle 
In order to meet the CBDR principle, and just a few weeks after the Paris summit, 
the bureaucracy faced by poor countries to access climate finance promised to them 
emerged, reinforcing an existing problem.
101
 In 2010, COP 16 announced the Green 
Climate Fund (GCF):
102
 a fund to protect small, developing countries with climate 
change mitigation and adaptation projects
103
 including renewable energies. In 
addition to the GCF, the Clean Development Mechanism (CDM) is a flexible 
mechanism defined in the Kyoto Protocol that assists developing countries “to 
achieve sustainable development and help industrialized countries to reduce the costs 
of greenhouse gas abatement”.104 Both are closely linked to Brazil due to the 
“developing country” definition of Brazil by the international community. 
The GCF became operational in 2015 and is funded by developed countries. The 
process requires the nomination of a “national designated authority”,105 which 
nominates an institution for accreditation. The nominated institutions include a range 
of local, regional, private, and public institutions, and are reviewed by the GCF’s 
accreditation panel, which describes itself as “independent and technical”.106 These 
measures aim to guard against corruption, and are outlined in a 52-page application 
form.
107
 However, the barriers rely on demonstrating that these institutions are able 
to comply with GCF’s gender policy standards and fiduciary duties, apart from the 
possibility of applying to the relevant social and environmental safeguards.
108
 Even 
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some non-governmental organisations (NGOs) have supported poor countries like 
Namibia, Kenya, Fiji, and the Philippines in obtaining government access and using 
GCF finance effectively. The GCF also has a program to support institutions of 
developing countries through the accreditation process, and the available funds will 
be distributed in 2016.
109
 Due to the known bureaucracy in the accreditation process 
– which inclusively prolongs the outcome – the final text of the COP 21 also 
encourages institutions like the GCF “to support country-driven strategies through 
simplified and efficient application and approval procedures”. A simplified 
accreditation process could possibly be the solution for this issue, and the Paris 
Agreement has supported this idea.
110
 
A concern remains regarding the purpose of Clean Development Mechanism 
projects. The CDM is helpful to hydropower development, as it could provide funds 
to adapt hydropower dams to changes in the climate.
111
 However, the problem lies in 
addressing the possible investments provided by developed countries for developing 
countries, considering the vast corruption that exists in developing countries. For 
example, if developed countries are investing in technology in developing countries 
due to climate change, how is it possible to ensure that the money is exclusively 
applied to a specific project and not used for corruption? There are risks for both 
parties and an efficient solution does not yet exist.  
However, CDM projects offer protection for human rights, reducing the risks of 
relocation, for instance, through sustainable development and efficacious 
hydropower management. Furthermore, future CDM projects are not only a matter of 
human rights, when riparian communities are affected by constructions that threaten 
quality of life and livelihood, but are also a political, scientific, and economical issue. 
In relation to developing countries, there is an especially strong culture of corruption, 
which is not limited to high society. Even beneficial projects, such as renewable 
energy construction, are the target of misappropriation at all sector levels, requiring 
careful control from public organisations, media, and society. Moreover, an 
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international approach and constant inspection are necessary in order to protect the 
outcomes for both sides.  
Discussing the CBDR principle, the GCF, CDM and others, addresses hydropower 
management issues, such as the construction of dams and climate change, because of 
the relationship between these international measures, environmental harm, climate 
vulnerabilities and electricity generation. These measures are important in order to 
create climate frameworks and protect the environment, contributing to reducing 
greenhouse gas emissions. However, hydropower plants also cause critical 
environmental harm that affects human rights, although they are considered green 
sources of energy in terms of GHG emissions. Thereby, the use of principles and 
climate mechanisms supports the control of environmental damages, as funds could 
be used to adapt hydropower dams to climate change impacts and restructure existing 
dams in a more sustainable manner.  
Therefore, developing countries, such as Brazil, require support to achieve 
international environmental and climate change reforms and the responsibility 
attributed to these developing countries cannot be the same as other developed 
countries. Thus, the international measures discussed in this section assist with 
achieving international goals, but also serve as a reminder that developing countries 
have not significantly contributed to environmental harm, particularly the rapid 
increase of global warming. Brazil has established CDM projects; however, it also 
requires financial support to achieve its goals. The social and economic problems 
faced by Brazil should not be a barrier to international investments, especially 
considering the historically low greenhouse gas levels emitted by Brazil and the 
current and important green initiatives already established in the country. In terms of 
adaptation, all of these considerations make a difference when implementing 
measures to adapt hydropower dams to the effects of climate change. 
Responsibilities, principles, and financial support assist with the establishment of an 
efficient, internationally recognised legal framework that is useful to other nations. 
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4.4 BRAZIL’S INTERNATIONAL COMMITMENTS UNDER THE 
CLIMATE CHANGE REGIME 
The worldwide commitment to reducing greenhouse gas emissions that contribute to 
global warming inevitably leads to an increase in the use of renewable energy 
sources. This objective draws attention to hydropower plants, as hydroelectricity and 
greenhouse gas reductions are strongly linked due to the low carbon emission 
produced by dams. The mitigation of GHG will likely result in more hydropower 
constructions in those countries containing a great number of rivers. However, the 
quest for green energy sources will impact the increasing dependence on renewable 
energy sources and has the potential to impact environmental and human rights (see 
Chapter 3). For this reason, hydroelectricity is reflected in climate frameworks, at 
both national and international levels. In contrast, the international regime does not 
cover particular areas concerning renewable energy, especially hydropower dams. 
The efforts extended to hydroelectricity are principally focused on climate change 
mitigation and environmental harm. Adaptation of hydropower production is rarely 
seen in legal documents, even though the predicted reduction in water-flow levels 
could affect the outcomes of the electricity sector over the next few decades. Even 
with an increase in the use of other renewable energy sources, existing dams and the 
expected growth in new dam constructions require more attention from legal 
authorities. As an important member in international environmental conventions, and 
with a particular interest in energy from hydro, Brazil still stands out with actions 
related to climate change.    
In an attempt to accomplish climate goals, Intended Nationally Determined 
Contributions (INDCs) were used as the basis of the Paris summit discussion (COP 
21)
112
 and Brazil was the only developing country that arrived at the conference 
committed to an absolute reduction in greenhouse gas emissions.
113
 In the Brazilian 
INDC, the current president Dilma Rousseff proposed a reduction of 37% and 43% 
in the GHG emissions
114
 by 2025 and 2030, respectively. To achieve this, the 
country also plans to stop deforestation in the Amazon and to restore 12 million 
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hectares of forest by 2030, an area equivalent to the territory of England. The 
proposal also included an achievement of 45% contribution of renewable energy
115
 in 
the matrix – including hydroelectricity – by 2030. Rousseff’s speech highlighted the 
function of renewables in relation to reducing emissions of greenhouse gases and the 
need to have a global agreement that enforces legal effects on signatory countries.
116
 
Rousseff said during the Paris summit, “[w]e continue with our efforts to increase the 
share of renewable energy in our matrix”.117 Moreover, the Environmental Minister 
of Brazil, Izabella Teixeira, stated that facing climate change issues requires concrete 
solutions and not arguments, and that was what Brazil was proposing through the 
INDC.
118
 
When the 2009 Climate Conference in Copenhagen failed due to the reluctance by 
many countries to assume actions to control global warming, Brazil had already 
adopted a target for reducing greenhouse gas emissions, with 2005 as the 
parameter.
119
 These emissions were subsequently reduced by 41.1% between 2005 
and 2012, from 2.1 billion tons of carbon dioxide, equivalent to 1.2 billion tons of 
carbon dioxide. This also contributed to the resulting reduction of 79% of 
deforestation in the Amazon between 2004 and 2015.
120
 Therefore, in comparison 
with the 2009 COP 15, the new INDC has been considered by the Brazilian 
authorities as an audacious objective and advance due to the proposal of a higher 
amount than the previous INDC. In the Paris summit, Brazil also became the first 
nation outside the group of the richest countries in the world (G7) to set a deadline 
for the decarbonisation of the economy, stating that by 2100 the country will not 
release more greenhouse gasses into the atmosphere.
121
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However, the last internal measures taken by Brazil at the beginning of 2016 
contradicted what was discussed by the Brazilian president in front of world leaders, 
particularly in relation to the expansion of renewable energy in the country. In 
January, various points raised by the Plano Plurianual – PPA (Multiannual Plan)122 – 
were vetoed by Rousseff for the period of 2016-2019.
123
 In the Program 2033, which 
focuses on objectives, goals, and initiatives for the electricity sector, all vetoes were 
related to non-hydroelectric renewable energy and alternative energy. The passages 
in the PPA dealing with hydroelectric and thermoelectric – neither of which were 
vetoed by the President – far outnumber those that refer to alternative and renewable 
energies. For example, Goal 1169
124
 of the Program that states "[p]romote the use of 
systems and technologies for the insertion of renewable energy generation in the 
Brazilian energy matrix" was vetoed, along with its goals and initiatives. The veto 
also included the addition of 13,100 megawatts of installed capacity of power 
generation from renewable sources, as well as encouraging the use of renewable 
sources through distributed generation, the use of photovoltaic solar sources, and the 
deployment of renewable development projects. Rousseff also vetoed initiatives such 
as "Implementation of Solar Source Plants in Public Facilities" and "Incentives for 
Generation of Renewable Energy". 
To justify these decisions, the President claimed that Goal 1169 would be redundant 
in relation to other existing objectives in the PPA, which “undermine the expression 
of public policy, the organisation of planning and government action foreseen in the 
program structure of the Plan”.125 The explanation of the veto ended with the 
statement that renewable sources account for approximately 40% of the Brazilian 
energy mix and the argument of redundancy was used for several other vetoes of the 
PPA. Moreover, it is worth noting that there have actually been recent advances 
regarding solar and wind power in the country, such as new regulation of solar 
distributed by ANEEL (National Electric Energy Agency), a growth of wind power, 
and Brazil being listed in the fourth place worldwide in the expansion of wind power 
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in 2014.
126
 However, the latest decision in vetoing new renewable energy initiatives 
means a withdrawal from all this progress. Brazil’s legal climate change 
commitments are further analysed in Chapter 6. The legislation supporting those 
international proposals is the object of evaluation to determine whether it conforms 
to the commitments made by the Brazilian government in front of the international 
community.  
The truth is that the veto does not match with the commitments made in the Paris 
agreement and is not consistent with the recent tendering procedures that are already 
prioritising renewable energy in Brazil.
127
 The actions taken by the Brazilian 
government must fulfil international pledges in order to promote renewable energy in 
Brazil with international support. International funds would improve the adaptability 
of hydropower dams to changes in the climate, as long as Brazil develops a legal 
framework to enforce this adaptation. If the Brazilian authorities work with 
committed international organisations, the advantages from this relationship will be 
reflected in the form of energy security in Brazil. 
 
4.5 CONCLUSION 
This chapter evaluated a range of international climate and environmental 
considerations that guide and compel States to work in favour of energy security in 
Brazil. Since the 1990s, concerns related to environmental protection and avoidance 
of climate change impacts have increased, as well as the number of conventions 
promoted by the international community, such as COP 21. Through these 
conventions, important decisions have been taken to control environmental harm, 
related to both nature and climate vulnerabilities. Brazil has a strong presence in 
these conferences due to its advanced commitments and domestic legislation. 
However, agreement is difficult to obtain and requires engagement from different 
groups of society.  
Two main international instruments were indicated in this study: the UNFCCC and 
the Kyoto Protocol played a pivotal role as original contributors to mitigating climate 
change impacts, while engaging States to work together. Across the years, the 
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establishment of other climate change agreements have been fundamental to engage 
States against climate change and many important commitments were made by States 
considered high greenhouse gas emitters. The positions adopted by Brazil in front of 
the international community promote great steps in the face of environmental 
sustainability and control of GHG emissions.  
As Brazil is a developing country that strongly relies on hydropower as a renewable 
source of energy, assisting to mitigate GHG, international organisations should 
recognise it and increase investments in the country through the Climate Change 
Funds and the Clean Development Mechanism, under the light of the Common But 
Differentiated Responsibilities principle. Brazil must receive international 
investment – despite its high corruption index – to keep promoting measures against 
climate change. The energy sector, in particular, can be improved by law and adapted 
to the threats posed by climate change in water-flow levels, ensuring energy security 
in Brazil. As hydro sources are fundamental for Brazil’s energy security, 
international law provides useful insights, although there is a lack of specific 
international regulation regarding the effects of climate change on hydropower, 
which will also manifest in human rights issues, which is the topic of the next 
chapter.  
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Chapter 5: Human Rights Law 
5.1 INTRODUCTION 
The previous chapter presented climate change from an international perspective and 
the problems related to international incentives to Brazil’s hydropower management 
due to future changes in the climate. Another key element in securing a stable future 
for Brazil’s energy supply is ensuring that the production of hydropower is consistent 
with human rights. This requires an understanding of the impacts that hydropower 
has on the rights of both users of energy and the communities who are affected by its 
production. This chapter will examine the various ways in which energy production 
and supply impact on human rights, with a view to identifying the requirements of an 
effective legal framework for future hydropower. The critiques involve the 
development of Brazil because it cannot affect negatively individuals’ livelihood 
and, if so, the harm must be diminished. In theory, the State attends the needs of the 
nation, but in fact, human rights are not equally applicable. Energy production and 
distribution should not be the cause of other issues, but the cause of improvement of 
a country. The most vulnerable people usually have their rights infringed upon, 
although Brazil has adopted several measures to deal with human rights issues. This 
study critically analyses human rights and places it into a new perspective, in which a 
relationship between climate change, hydropower and human rights arises, 
challenging policy-makers to build an effective legal framework.  
This chapter primarily describes the relevant laws and structures investigating human 
rights in Brazil and its challenges and relationships. The application of these laws to 
hydropower is analysed to discuss the applicability of including human rights in the 
legal framework addressing hydropower in order to adapt to climate change. The 
Belo Monte Dam is examined as a case study, to illustrate the human rights issues in 
Brazil to date. Problems concerning human rights have to be considered when 
developing a legal framework to adapt hydropower to climate change effect, as it is 
imperative that dams do not cause any human rights infringements.  
 
 86  
5.2 HUMAN RIGHTS LAW IN BRAZIL  
The areas of electricity production and human rights are closely linked. The use of 
energy is applied in two different situations. First, concerning human well-being, 
Leach and Deshmukh explained that there exists “a clear link between energy and 
social welfare”.1 Second, in commercial and economic terms, energy is a 
considerable factor to supporting industry. Historically,
2
 this idea was reinforced to 
assist national growth and industrial development in the middle of the 20th century. 
In that period, public policy attention aspired to ensure energy at a low price, thus 
connecting the use of energy and economic growth. In this context, hydropower has 
been the main source of energy in Brazil for many years, playing an important role to 
ensure energy security in the country. Adapting hydropower dams to climate change 
impacts is fundamental element to guarantee human rights in Brazil. Additionally, 
human rights violations may occur for those who are affected by hydropower 
constructions, climate change, or as electricity users.
3
 However, the resolution of 
conflicts that arise from the domestic right to energy and a person’s well-being is 
controversial, as the Brazilian legal system approaches them in different ways.  
Brazil has domestic legal provisions addressing human rights and it has adopted 
international human rights law for many years. However, sometimes it is difficult to 
balance human rights when there are divergent interests regarding the use of the law. 
This is because the law and politics will be more or less supportive of the 
applicability of human rights depending on who is claiming such rights. From this 
point of view, it is clear that minorities tend to have their rights disrespected or 
denied more than majority groups, especially in terms of hydroelectric production. 
Riparian communities, small farmers, and indigenous peoples are generally more 
affected by illegalities committed on behalf of hydropower dams and the State’s 
economic growth.  
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Brazil’s Federal Constitution is exemplary regarding the recognition of fundamental 
rights and guarantees.
4
 Article 5 contains specific rights that impede suppression of 
fundamental rights in any circumstance, including human rights. Under the 
Constitution, it is also possible to attribute the status of constitutional amendment to 
human rights treaties. Constitutional Amendment No. 45 of 2004 determined in 
paragraph 3 that "international treaties and conventions on human rights are 
approved, in each house of the National Congress, in two rounds, by three fifths of 
the votes of its members, the constitutional amendments will be equivalent". This 
measure allows human rights treaties to have the hierarchical status of constitutional 
rule, such as the Universal Declaration of Human Rights,
5
 which is an important 
factor to be considered before and throughout hydropower operation. 
Brazil gives relevance to the implementation of international and national legal 
frameworks focussing on human rights when addressing the constitutional status of 
these frameworks. For example, Brazil established the National Human Rights 
Program in 1996,
6
 in accordance with the recommendation made in the Vienna 
Declaration and Programme of Action 1993.
7
 The Program establishes commitments 
and guidelines for the action of the State, strengthening the prospect of human rights 
in public policies.
8
 In the scope of the Americas, the Brazilian State integrates and 
participates actively in the Inter-American System of Human Rights,
9
 whose judicial 
structure is composed by the Inter-American Commission on Human Rights 
(IACHR)
10
 and the Inter-American Court of Human Rights.
11
 From a procedural 
point of view, the Commission can receive specific cases of alleged violations of 
human rights, such as rights to life, health and integrity, in addition to producing 
reports and recommendations about general situations. Following an admissibility 
study of the case, the IACHR may request information from the accused State and 
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request the adoption of measures to overcome the situation of human rights 
violations.
12
 While the Inter-American System of Human Rights concerns the 
Americas, the System of Human Rights acts at the domestic level,
13
 and is 
responsible for the articulation of the Brazilian actors involved in the unfolding of 
recommendations and binding decisions arising from the Inter-American system.
14
  
To understand the illegalities surrounding human rights, constitutional principles of 
sustainable development and the polluter-pays principle are also important. They are 
highlighted by Article 225 of Brazil’s Federal Constitution15 (see Chapter 6) and, 
together with other principles that rule environmental harm, the relocations and 
compensations resultanting from hydropower projects affect human rights. The 
objective in addressing human rights at the constitutional level is to demonstrate that 
the irreversible consequences of local ecosystem destruction affect the fundamental 
rights of the population living next to these constructions, notably the social right to a 
preserved and balanced environment, as stated in the Brazilian Constitution.
16
 
The constitutional status of human rights in Brazil is one of the main achievements 
for those most in need. The adoption of international treaties by Brazil gave human 
rights a higher status in Brazilian legislation. Brazil adopted some of the United 
Nations treaties and participates in continental rules addressing human rights, such as 
the Inter-American System of Human Rights. These international human rights 
treaties embed general provisions that enforce human rights in Brazil, promoting the 
development of domestic policies, particularly important for hydropower projects. 
However, human rights in Brazil generally face barriers for its implementation due to 
political and stakeholder’s interests that aim for economic development rather than 
protecting the rights of people most in need. In terms of hydropower, such problems 
are aggravated as energy security is a priority, although both energy security and 
human rights can be balanced if hydropower projects are well-managed.  
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5.3 THE IMPACT OF HYDROPOWER AND CLIMATE CHANGE ON 
HUMAN RIGHTS  
In the contemporary world, the enjoyment of human rights is linked to electric 
production.
17
 The electricity generated from hydropower dams support the 
fundamental right of users to have access to electricity and relies on international 
law
18
 and Brazil’s constitution.19 As outlined in Chapter 4, hydropower dams suffer 
from the impacts of global climate changes and their production is threatened by low 
water standards, which may compromise energy security, the right to access energy, 
and the State’s sovereignty. Additionally, hydropower affects the rights of those who 
live around hydroelectric constructions, such as riparian communities and indigenous 
people. Hydropower is therefore a source of energy that demands balance between 
the right of enjoyment of electricity against the rights of those who live around 
hydroelectric construction, in addition to the risks of climate change. Simultaneously, 
electricity provision and human rights impacts of hydropower contrast in light of the 
distinction between the obligation to fulfil human rights and the obligation to respect 
human rights.
20
 Therefore, studying the social and environmental impact of 
hydropower in the context of human rights and their principles is necessary when 
developing a fair legal framework. 
In order to comprehend the controversial relationship between hydropower 
constructions and human rights when climate change modifies their characteristics, 
an analysis of international law and domestic issues is essential. In addition to 
scientific, economic, and diplomatic perspectives, the focus must also be on those 
most directly affected and requiring support.
21
 Two different views are addressed in 
this regard, one is evaluating human rights as obligations to ensure electricity for 
personal well-being and professional development, and the second concerning the 
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impacts of hydropower plants and climate change on the lives of riparian 
communities, small farmers, and indigenous people who live in areas affected by 
dam construction. From this second group, indigenous communities are analysed, 
although several of their human rights also apply to other minorities. The violation of 
human rights is in issue when climate change impacts the environment and 
hydropower plants are built. The lack of consultation, and prior, free, and informed 
consent from surrounding communities are also human right issues challenging the 
government and policy-makers.
22
 For example, the Belo Monte hydropower plant 
clearly represents several environmental problems, corruption, and disregard for 
human rights, while supplying electricity to thousands of Brazilian homes. Such is 
the importance of the Belo Monte case for human rights, that this case study will be 
deeply examined in section 5.5.2 of this chapter.  
The harm caused by the construction of dams requires legal intervention to minimise 
competing human rights. Both international and domestic law regulate fundamental 
human rights that promote dignity, housing, and the right to live in a safe 
environment.
23
 However, their applicability is frequently questioned, especially in 
developing countries. In Brazil, for instance, the General-Attorney of the Union has 
affirmed that any hydroelectric construction is paralysed by judicial decisions, 
because there is no judicial restraint. Therefore, most lawsuits against hydropower 
dams are overturned in a few days.
24
 The non-accomplishment of those provisions is 
an explicit affront to human rights and environmental law.   
According to various human rights instruments, a healthy environment is a 
precondition of the fruition of other rights.
25
 On the right to a health environment, 
several scholars support this idea, as can be seen in John Knox’s works.26 In addition, 
soft law instruments, such as the 1994 Draft Declaration on Human Rights and the 
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Environment,
27
 States that established human rights and environmental principles 
operate together to ensure individuals the right to a healthy, secure, and ecologically 
sound environment, and links the environmental dimensions of various well-
acknowledged human rights, including life, culture, and health rights.
28
 Many 
regional human rights regimes also had successful cases recognising the role played 
by the environment in guaranteeing the protection and compliance of human rights. 
They also confirmed the principle that human rights can be violated by 
environmental degradation.
29
 An example of regional treaties recognising the “right 
to a good environment” is the San Salvador Protocol to the American Convention on 
Human Rights.
30
 Although the right to environment under this Protocol is not 
enforceable, this recognition enables communities or individuals to “claim under 
existing human rights regimes where the actions of a government or corporation have 
led to environmental damage, without having to establish any other violation of 
human rights”.31 The result would have several implications in relation to the issue of 
climate change and hydropower plants, as individuals could claim for their human 
rights when changes in the climate and in the environment threaten their well-being. 
As a consequence, potential human rights lawsuits against those responsible actors 
would arise more often and involve potential findings of legal liability. 
The obligations of Brazil to protect human rights in hydropower developments are 
closely linked to international human rights treaties, such as the San Salvador 
Protocol,
32
 ratified by Brazil in 1992. The right to an ecologically balanced 
environment stated in Article 225 of Brazil’s Federal Constitution challenges 
hydropower development, as the right to a healthy environment must be preserved to 
future generations. However, Article 2 of the National Environmental Policy states 
that the environmental quality for life must be preserved, improved and restored to 
ensure conditions for socioeconomic development, national security interests and 
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protection of human life and dignity according to recognised principles.
33
 It means 
that the environment must be preserved to fulfil human rights, but the environment 
can also be used for socioeconomic development. Allowing socioeconomic 
development enables the implementation of hydropower dams, although it should be 
done in a sustainable manner, respecting the human rights of those riparian 
communities.  
Balancing these rights presents a challenge due to the national culture that exalts the 
economy rather than human rights. Brazilian authorities should ensure the 
compliance of international commitments and domestic human rights provisions 
while increasing hydropower security to face climate change challenges. As many 
people are affected by the construction of dams, a legal framework for ensuring 
energy security in Brazil must contain provisions addressed specifically to those 
most in need. These provisions are essential as the vulnerable sectors of society are 
easy targets for irregularities grounded in the fundamental right of access to energy. 
In having such a framework, international and domestic human rights would be 
preserved, and sustainable hydropower development would be possible, therefore 
ensuring energy security in Brazil. Additionally, riparian communities, indigenous 
peoples, environmental organisations and legal representatives could claim their 
rights in cases of non-accomplishment of the provisions related to hydropower dams 
and their respective environmental harm. However, the next section demonstrates 
that applying human rights in Brazil has other challenges due to the impacts of 
climate change.   
 
5.4 THE CHALLENGES FOR HUMAN RIGHTS IMPLEMENTATION IN 
THE CONTEXT OF CLIMATE CHANGE 
It is difficult to ensure human rights in the climate change context due to the 
potential impacts on many rights guaranteed by international law.
34
 The uncertainties 
and complexities of climate science lead to broad and vague understandings of 
human rights and their violation. Although IPCC studies predict high confidence for 
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trends in global warming,
35
 the victims and the causes of climate change remain 
speculative because it is difficult to be absolutely sure of future environmental 
events, which complicates the attribution of breaches of human rights law.  Human 
rights law may therefore require accurate analysis of likely climate change to acquire 
more credible evidence of its impacts. Given the set of arguable circumstances, the 
recognition of the State’s obligation to protect human rights has thus far been 
questionable. Uncertainty is more pronounced in human rights law when applied to 
victims of hydropower construction. This is because of the interrelated impacts of 
hydropower displacement and climate change, as well as the need for reliable energy.  
Together these factors create complex vulnerabilities for communities in hydropower 
construction areas. In addition, climate change impacts would increase the number of 
displacements in areas that no longer present feasible conditions for livelihood, 
similar to the displacements caused by hydropower construction. Therefore, the 
connection between climate change, hydropower and vulnerable communities create 
new perspectives in the exercise of human rights law, requiring legal protection to 
enforce human rights in the hydropower context. Hence, analysing human rights and 
its applicability for hydropower issues is fundamental to conceptualise an effective 
legal framework for Brazil.  
The concept of climate refugees
36
 is an example of a new challenge for international 
law, and involves those people that have already been relocated to other areas due to 
the irreversible environmental changes that have occurred in their place of origin. 
However, climate refugees are not effectively recognised by international law,
37
 
which leads to a reformulation of the concept of refugees and human rights. This 
displacement is similar to what occurs with hydropower, as construction of dams 
containing reservoirs requires large spaces to operate, destroying the surrounding 
environment, and local communities are forced to leave their current homes. Human 
rights need to be balanced to fulfil the needs of communities that are likely to suffer 
displacement due to climate vulnerabilities. Creating a legal framework to enforce 
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human rights in the climate change context requires balance between hydropower 
management and community relocations. Adapting hydropower dams to climate 
change impacts must involve the aim of reducing community displacement, and 
avoiding the problem of relocation. Moving people out could affect the livelihood of 
those relocated people and become a public issue, as it would be necessary to provide 
land on which to place them, jobs, efficient public services, and so on. Therefore, 
adapting hydropower dams to climate change effects enables people to adapt 
themselves in the current living site if water management is properly conducted.   
The uncertainties of climate change include who, specifically, will be affected and 
the exact place where climate change is likely to occur, whether in the long or short 
term.
38
 Given these uncertainties, the sequence of environmental events is mostly 
unknown by scientists and police-makers. However, in the cases where avoidance of 
environmental impacts and resulting emergency measures are predictable, human 
rights organisations should act in order to deflect and control any sort of disaster or 
constitutional infringement, although State responsibility for human rights breaches 
based on climate change remains doubtful, according to the OHCHR Analytical 
Study 2009.
39
  The refinement of the knowledge of risks and response strategies 
facilitates the application of human rights and consolidates the responsibility of the 
State.
40
 Preventative actions are always more efficient and valuable than those that 
lead to actual consequences. The protection of human rights can avoid many issues 
for those lives at risk due to climate change and hydropower constructions. If human 
rights organisations work together with other institutions related to environmental 
changes, such as groups of engineers and technical scientists, individuals are more 
protected and the risks of extreme changes are mitigated. Scientific discoveries 
provide information to government policy-makers, making environmental law and 
policies more coherent and reliable.
41
 Furthermore, the understanding of socio-eco 
issues allows better enjoyment of resources, as the environment and those people 
living nearby could improve and develop the area in a satisfactory way for both of 
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them, benefiting the country in general. Human rights can be relied upon to litigate 
and ensure the same or similar quality of life for those displaced people. 
An analysis of human rights raises the issue of the enforcement of climate change 
and hydropower regulations. However, international enforcement usually does not 
achieve consensus between States, as climate change and hydropower constructions 
do not affect all human rights equally. The most devastating and direct effects 
involving rights were settled in the 1966 International Covenant on Economic, Social 
and Cultural Rights (ICESCR),
42
 although those rights are usually acknowledged to 
be at risk from climate change. Some examples included in the ICESCR are the right 
to water, food, health, work, housing, and traditional livelihoods.
43
 The problem 
arises from the lack of consensus concerning the appropriate means to implement 
economic, social, and cultural rights, even though the ICESCR was signed by the 
majority of the States globally.
44
  
Human rights are interdependent and indivisible. But the “economic, social, and 
cultural rights are generally contrasted with ‘civil and political’ rights, those to life, 
liberty, freedom of speech, and so on, laid out in the 1966 International Covenant on 
Civil and Political Rights (ICCPR)”.45 Article 11 of the ICCPR is specific regarding 
the right of an adequate standard of living, obligating governments to take 
appropriate steps to guarantee the enjoyment of this right, “recognizing to this effect 
the essential importance of international co-operation based on free consent”.46 Such 
steps would improve the methods of production, such as the development and 
utilisation of natural resources, more efficiently.
47
 This idea reinforces the need of an 
adaptive water management scheme that also reflects that the water is used for 
hydroelectric production. Working in favour of hydropower adaptation requires the 
development of new strategies to utilise water safety, thus benefiting energy security 
in Brazil and ensuring those fundamental rights established in the ICCPR. As the 
right to life is threatened by community displacement and the increase of extreme 
weather events due to climate change, more adaptive measures are necessary to 
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guarantee human rights, particularly for riparian communities. The problem of 
establishing a causal nexus between human rights breaches and State responsibility 
for climate change, which was pointed out in the OHCHR Analytical Report 2009,
48
 
can be an obstacle that has to be properly managed through law to fulfil climate 
change issues. 
Human rights are also challenged by the extraterritoriality of climate change impacts. 
For example, the worst effects of GHG emissions are generally seen in countries that 
have contributed little or nothing to global warming. The use of renewable energy in 
Brazil, in particular, largely contributes to mitigating greenhouse gas emissions, but 
climate change impacts threaten its hydroelectric capacity. Meanwhile, high emitting 
countries, such as the United States, China, and Norway, will also suffer meaningful 
impacts, but not as harmful as in other countries.
49
 In fact, the problem of 
extraterritoriality presents a gap in international human rights law. As Rayfuse and 
Scott affirm, “the legal gap between those whose rights are affected and those 
responsible for those effects appears most intractable”.50 To date, “few if any 
governments have accepted that their human rights obligations extend to preventing 
‘extraterritorial’ harms of this sort, at least as a matter of law”.51 The obligation of 
states is, therefore, to protect the rights of each individual in its territory, which is 
subject to its jurisdiction,
52
 as stated in the ICCPR.
53
 The challenge posed by climate 
change is to assume that these standards are addressed to people situated outside 
states’ borders. However, individuals suffering damages from natural disasters or 
loss of livelihood, which is likely to happen in Brazil, are not protected by another 
country.
54
 This issue of extraterritoriality crosses barriers and deals with other 
situations related to hydropower dam operations and the impact of climate change on 
individuals.  
The relationship between climate events on water resources and communities 
affected by dam construction creates human rights conflicts. Both situations raise 
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significant community interests, and States tend to apportion responsibility for harm 
to others. If separately climate change and hydropower plants are controversial, 
together they challenge the applicability of human rights. In general, sources of 
energy can easily meet human rights needs, but when mixed with climate 
vulnerability it is difficult to determine whether the harm was actually caused by 
hydropower projects or not. The displacement of communities, for instance, could be 
due to the effects of hydropower on the environment or the impact of climate change. 
A reduction or increase in water levels leads to community relocation, but human 
rights accountability may not be clear. In relation to climate change, other states 
would be accountable for community relocation, undrinkable water, and any other 
climate change effect. However, the uncertainty associated with attributing 
accountability is doubtful and enables human rights infringements. To ascertain if a 
community is forced to relocate due to hydropower development or extreme weather 
can be challenging and, consequently, requires expert investigations to evaluate the 
real origin of the displacement.   
The high level of investment in the hydroelectric sector in Brazil indicates that 
human rights are constantly disrespected due to infringements caused by 
governmental projects. If the government keeps investing large amounts of money in 
hydroelectricity to guarantee users’ rights, this will mean the interests of local 
communities are not treated with the same relevance. Current and historic projects 
have already proved that Brazil’s government does not duly consider human rights 
when initiating a new hydropower project.
55
 However, the pursuit of economic 
progress cannot exceed the respect for human beings, and thus, serious measures 
must be taken to diminish the harm arising from it. At both national and international 
levels, human rights protection is pivotal and works as a starting point for policy-
makers. The strength of international law and a human rights-based approach would 
assist with evaluating policy and setting priorities, including the use of the normative 
framework stipulated by human rights.
56
 Climate change and its implications over 
hydropower dams can be constructed as a human rights issue, bringing them within 
existing legal obligations.
57
 The OHCHR Report has been contributing to increasing 
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the recognition and acceptance of human rights implications of climate change and 
the close relationship between human rights and the environment.
58
 However, this is 
still not properly emphasised in international conferences and is usually forgotten by 
Brazil’s politicians, as will be proved in the Belo Monte case in section 5.5.2 of this 
chapter. 
 
5.5 THE RELATIONSHIP BETWEEN HUMAN RIGHTS, ENERGY AND 
CLIMATE CHANGE 
Protecting human rights in Brazil is a complex task due to governmental decisions 
that focus on socioeconomic issues rather than human rights issues. However, human 
rights are essential in the climate change and hydropower context, as riparian 
communities are often victims of changes in the climate, displacement, and 
environmental harms caused by hydropower projects. The interconnection between 
these environmental consequences results in one single issue that will affect each 
element in different ways (Figure 5.1). A hydropower dam by itself is an issue for 
those facing relocation, but when climate change impacts hydropower in terms of a 
shortage of water, the entire national population and economy is affected.  
 
  
 Figure 5.1 – Human Rights Relationship with Climate Change and Hydropower 
 
The relationship between the elements presented in Figure 5.1 reflects different 
aspects of human rights and the manner in which they are applied. Firstly, it must be 
highlighted that climate change impacts human rights. Secondly, as energy is 
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necessary for the fulfilment of human rights,
59
 hydropower provides electricity to the 
population. Furthermore, hydropower helps to reduce GHG emissions, contributing 
to mitigate global warming, which is positive for human rights. However, the 
benefits of hydro-energy sources turn negative considering that hydropower has its 
own impact on human rights, which result in displacement, impact on indigenous 
people, and so on. Finally, climate change will modify the water levels and impact on 
production, threatening reliability and energy security.
60
 
Given the complexity of this relationship between human rights, hydropower, and 
climate change, the balancing of various interests is required. Human rights can be 
used as a minimum standard for climate change measures or an increase in energy 
supply through hydropower dams. To achieve energy reliability, it is necessary to 
ensure a legal framework to address basic human rights standards to support these 
different relationships. Once human rights are established and protected, it seems 
easier to solve or avoid litigation. 
 
5.5.1 Indigenous Rights 
Human rights protection is especially important for indigenous peoples as their 
communities are one of the most affected by climate change and hydropower 
construction. In Brazil, there are 660 indigenous lands, which account for 
approximately 13% of the national territory. In the Amazon, indigenous lands 
comprise almost 25% of the territory, and preservation levels are above the 
conservation area.
61
 Legislative intervention was required due to the great number of 
indigenous people and the lands they occupy. Thus, in 1967, Law 5371 created the 
Indigenous National Foundation, the coordinator and main executor of the 
indigenous policy of the federal government. Its institutional mission is to protect 
and promote the rights of indigenous peoples in Brazil. Brazil subsequently 
promulgated Law 6001/1973, also known as “Estatuto do Índio”, which governs the 
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relations of the state and the Brazilian society for the indigenous.
62
 Since 2005, the 
statute has been modified into the Statute of Indigenous Peoples.
63
 This new statute 
aims to update legislation and monitor the processing of proposals and other 
parliamentary activities related to indigenous policy. The organisations representing 
indigenous communities also agree that Law 6001 is outdated, and contains a 
discriminatory vision of indigenous peoples.
64
 There is already a proposed law of the 
Statute of Indigenous Peoples (PL 2.057/91); however, its processing stopped in the 
House of Representatives in 2009.
65
 
Many aspects need to be discussed and reviewed when it comes to the rights of 
indigenous peoples; for example, the 1973 “Estatuto do Índio” addresses the issue 
from the concept of "state protection", namely, indigenous as "relatively 
incapable".
66
 In this respect, Brazil’s Constitution 1988 brought about new 
developments in breaking with this tradition and recognising the rights of indigenous 
peoples to maintain their own culture. Articles 231 and 232 outline prerogatives 
regarding indigenous rights. The Constitution states, for example, that indigenous 
peoples have the exclusive use of natural resources present on their lands.
67
 Thus, the 
state is required to demarcate indigenous lands, protect indigenous people, and 
ensure their goods are respected. The new Brazilian Civil Code 2002 also removes 
indigenous people from the category of “relatively incapable” and states that 
indigenous capacity will be regulated by special legislation.
68
  
In the broader scope, international human rights laws protect the right of minorities 
to practice their own languages, religion, and culture,
69
 in addition to the “rights of 
indigenous peoples to protect their traditional knowledge, and to contribute to 
environmental management and sustainable development”.70 Further rights are also 
                                                 
 
62
 ISA, Povos Indigenas no Brasil (unkown) Instituto Socioambiental 
<https://pib.socioambiental.org/pt/c/direitos/estatuto-do-Indio/introducao> at 18 May 2016. 
63
 In Portuguese, “Estatuto dos Povos Indigenas”. 
64
 Consciencia Politica, Estatuto do Indio (2011) Portal Consciencia Politica 
<http://www.portalconscienciapolitica.com.br/products/estatuto-do-indio/> at 18 May 2016. 
65
 Ibid. 
66
 Ibid. 
67
 Article 231, Brazil’s Federal Constitution of 1988. 
68
 ISA, above n 62. 
69
 Art. 27. International Covenant on Civil and Political Rights (1966). 
70
 Convention on Biological Diversity opened for signature 5 June 1992, 1760 UNTS 79 (entered into 
force 29 December 1993); John B Henrisken, Draft Report on Indigenous and Local Communities 
Highly Vulnerable to Climate Change, report on the Secretariat of the Convention on Biological 
  
 101 
applied to indigenous people, including the right to life;
71
 health;
72
 safe and healthy 
working conditions;
73
 adequate clothing, food, and housing conditions;
74
 and 
freedom from arbitrary interference with privacy and home.
75
    
Indeed, international law has increasingly recognised the collective rights of 
indigenous people. As well as environmental degradation, indigenous communities 
typically suffer from poverty, discrimination, marginalisation, and exclusion in the 
processes of policy-makers.
76
 There is generally a “lack of free, prior and informed 
consent of indigenous communities”77 in these processes, which is contrary to the 
provisions set out in the 2007 Declaration on the Rights of Indigenous Peoples
78
 
signed by Brazil. The Declaration “provides for the protection of indigenous peoples’ 
cultural rights, and also sets out specific environmental rights”.79 It is also one of the 
main instruments recognising the indigenous right to self-determination, to “freely 
pursue their economic, social and cultural development”,80 in addition to self-
determination guarantees in Article 1 of the ICCPR
81
 and ICESCR,
82
 which are 
stronger legal instruments. However, this only guarantees self-representation at the 
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national level, not internationally.
83
 In terms of climate change policies that impact 
indigenous peoples, the Declaration is recommended as a primary framework.
84
 
Additionally, international human rights laws and indigenous rights are affected by 
the dangers of climate change. Indigenous participation in domestic and international 
negotiations constitutes a fundamental element in mitigating and adapting to climate 
vulnerability, as well as problems originating from hydropower plants. As 
indigenous people have a close relationship with and are directly dependent on the 
natural environment and its resources, issues such as nearby hydropower 
construction and global warming are more sensitive for them. Indigenous 
communities are disproportionally affected by problems in the ecosystem, which 
makes them highly vulnerable to change. The lifestyle of indigenous people, like 
social reproduction and food security, depends on high biodiversity. The opposite, 
therefore, represents loss of livelihood, as the availability of resources is reduced.
85
  
As indigenous peoples are also weak emitters of greenhouse gas, the consequences of 
climate change disproportionally affect them and their biological diversity. 
Additionally, the use of hydropower dams as a source of mitigation of climate 
change threatens their territories, integrity, culture, and health. When Brazil uses 
hydropower plants as green energy to mitigate climate change, the side effects are 
seen in indigenous livelihoods and this is prejudicial to indigenous communities, not 
only historically, but also for their significant knowledge on how to survive for 
centuries; knowledge that could support the development of future measures of 
adaptation. Indubitably, indigenous people deserve human rights protection for their 
legacy to the world. 
In order to deal with these pressures, indigenous communities have organised 
themselves at international, regional, and domestic levels over the past few decades. 
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The indigenous peoples’ organisations (IPOs)86 have been participating in 
international policy-making processes, particularly relating to environmental issues.
87
 
IPOs have a strong and vocal presence, mainly in the negotiations supported by the 
Convention on Biological Diversity (CBD).
88
 Conversely, in the international 
debates under the United Nations Framework Convention on Climate Change 
(UNFCCC), the IPOs are virtually absent.
89
 For example, in the UNFCCC 
negotiations, “out of a total of 1,381 accredited NGOs, only 37 can be counted as 
indigenous – less than 2.5%. An average of six IPO delegations attend UNFCCC 
COP. In the biodiversity negotiations, in contrast, a total of 328 indigenous 
organisations have attended at least one COP”.90 Indigenous participation in 
biodiversity negotiations is more visible and influential, especially after the COP3 in 
1996, where the International Indigenous Forum on Biodiversity was established.
91
  
This lack of indigenous people participation in the UNFCCC occurs because they 
can only participate as observers of climate negotiations.
92
 International policy-
making has an intergovernmental nature, and only allows opinions from non-
governmental organisations (NGOs). However, the IPOs cannot be classified as a 
traditional NGO due to the territorial identity concerning indigenous peoples.
93
 
Overall, these organisations are important to enable indigenous participation in 
environmental discussions and emphasise their right to be listened to as one of the 
groups that are most environmentally affected. Although adaptation measures 
provided by indigenous peoples to deal with climate change are slowly gaining 
recognition, they still suffer considerable obstacles. 
In both CBD and UNFCCC negotiations, American organisations represent the large 
majority. In the UNFCCC, almost two-thirds of the total number of organisations are 
from the Americas, while in the CBD, almost half of the total IPOs are dominated by 
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Latin America. The remaining groups are uniformly spread among Africa, Asia, 
Europe, and Oceania.
94
 The UNFCCC Secretariat admits that “indigenous peoples 
play an active role at UNFCCC sessions”,95 with a vigorous and consistent 
participation. However, the reality shows that indigenous participation in these 
events is limited by the absence of support from their national governments, and a 
lack of resources and ability to engage. Additionally, the discussions are mainly 
technical and scientific,
96
 allowing only government delegates, and are apparently 
purposefully chosen to exclude indigenous peoples.
97
 The UNFCCC and Kyoto 
Protocol have considerably more political weight when compared to the CBD.  
This discussion regarding indigenous participation in international policy-making 
processes illustrates the barriers faced by indigenous people in the international 
context. While, in theory, indigenous people are largely recognised due to their rich 
knowledge to survive across the centuries, their effective participation in conferences 
is limited. Clearly, States attempt to avoid opinions that could interfere in their own 
decisions, most of them prioritising political interests. Therefore, the creation of 
IPOs and NGOs play a pivotal role representing indigenous people as key 
stakeholders in international policy-making processes; however, more work is 
needed to have their rights truly recognised by the international community.   
The organisation of indigenous peoples groups has such importance due to their 
relevant relationship and dependence on the environment, with no particular interest 
in industrial development. However, the socio-political actions taken by governments 
and stakeholders have increased the violations of social and cultural rights of 
indigenous people, particularly relating to environmental changes and relocation of 
these communities due to hydropower constructions, although they are not the only 
reasons for these violations. Socio-economic disparities can restrict indigenous 
communities from adapting to rapid changes in the environment, resulting in more 
disproportionate impacts when compared to non-indigenous communities. However, 
the seriousness of these practical obstacles to effective adaptation to climate change 
                                                 
 
94
 Carola Betzold, Non-State Actors in International Climate Change Negotiations (2013) ETH 
Zurich, 23. 
95
 UNFCCC. Promoting effective participation, op cit, fn 13. 
96
 M Degawan, Mitigating the impacts of climate change: solutions or additional threats? (2008) 
Indigenous Affairs 1-2: 52-59. 
97
 Kaime, above n 83, 83. 
  
 105 
and the impact of hydropower dam may lead to a new positive perspective. 
Historically, indigenous people have successfully adapted to environmental 
incidents,
98
 which means that indigenous knowledge and experience are fundamental 
to turning environmental issues into less destructive matters. Indigenous peoples are 
key actors required in developing mitigation and adaptation strategies. Their 
engagement with international human rights law through organisations or isolated 
actions is fundamental to building a legal framework for hydropower dams that 
consider indigenous peoples issues. By doing so, human rights would be guaranteed 
in law-making processes, improving the quality and efficiency of legal frameworks 
in Brazil, especially for hydropower projects. The potential of hydropower 
development to impact on the human rights of indigenous people will be illustrated 
in the next section through a consideration of the Belo Monte dam project.  
 
5.5.2 The Belo Monte Case: a conflict with human rights 
Belo Monte was recently inaugurated,
99
 and is the newest Brazilian hydropower 
plant, located in the Para State, and the third largest hydropower plant in the world. 
The dam was projected to supply 40% of the energy generated in the country, 
increase employment, contribute to economic growth, and enrich the Para State and 
its neighbouring States.
100
 But although Belo Monte is the most important project in 
the energy program of the current government, it is already considered a 
“monumental example of how energy should not be produced in the 21st century”.101 
The analysis of this case clearly proves the disregard for human rights in Brazil, as 
the government places its focus on energy production. 
The dam has a high price tag (approximately US$9 billion) and is associated with 
“corruption and massive human rights violations due to its social and environmental 
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impacts”.102 Belo Monte raised contentious human rights issues regarding the 
relocation of communities, environmental issues – such as the impacts on fishing103 – 
and the effectiveness of its outcomes due to climate change. The local and 
indigenous communities living around the Belo Monte project have also been facing 
socio-economic issues. Since the beginning of construction in 2011, public services, 
including child care and health centres, have collapsed. Historical problems that have 
faced all developing countries increased. Violent crime grew – the number of 
murders doubled – traffic accidents increased by 144%, and prostitution and sexual 
violence affecting adolescents and children escalated.
104
 These effects were due to 
the growth caused by the construction of Belo Monte and the number of people 
moving to the area. The development of the region attracted many criminals and 
facilitated parallel incidents, such as a lack of indispensable services and the absence 
of public transportation.
105
 Social infrastructure did not develop at the same rate as 
the construction and the side effects are now evident.  
Furthermore, nearly 3,000 people were displaced because of Belo Monte and the 
dam will impact the lives of approximately 40,000 people, many of whom are 
indigenous.
106
 The 2,600 homes provided for displaced families came with structural 
defects and are not attached to the sewerage system, which was a condition of the 
dam’s license.107 Citizen complaints are ignored and corruption related to the 
construction is rife.
108
 The millions of bribes paid during the project’s construction, 
as confessed by executives from Andrade e Gutierrez and Camargo Correa 
construction firms, “are now part of the largest anti-corruption investigation in 
Brazil’s history”.109 
As the first Belo Monte reservoirs were filled, international organisations demanded 
an answer from the Brazilian government about the human rights violations arising 
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from the project.
110
 In December 2015, “the Inter-American Commission on Human 
Rights (IACHR) opened a case against Brazil, which was challenged by affected 
communities represented by the Inter-American Association for Environmental 
Defense (AIDA), Justica Global and the Sociedade Paranaense de Defesa de Direitos 
Humanos”.111 In this regard, María José Veramendi Villa, AIDA’s lawyer, stated: 
We hope and believe that now is the time for Brazil to respond 
comprehensively to our claims about: the absence of consultation and free, 
prior and informed consent of affected indigenous communities; the lack of 
participation and adequate assessment of environmental impact; and the 
forced displacement and violations of the rights to life, health, integrity and 
justice of indigenous peoples, riverine communities, and residents of the city 
of Altamira.
112
 
Belo Monte’s operating license was authorised by the Brazilian Institute of the 
Environment and Renewable Resources (IBAMA) on November 2015, which 
permitted the filling of the dam’s reservoirs, such as sanitation, potable water, etc, 
Although Norte Energia, the company responsible for the project, has failed to obey 
the necessary conditions to ensure the life, integrity, and health of affected 
populations,
113
 IBAMA still permitted the license. Essential socio-environmental 
conditions were ignored, the opinion of environmental technicians were disregarded, 
and the protection of indigenous people was neglected.
114
  
In 2011, the Inter-American Commission authorised precautionary measures to 
protect indigenous communities affected by the dam, which Brazil has not yet met. 
These measures included to urge Brazil to “suspend construction for the lack of free, 
prior and informed consent of indigenous communities”,115 for instance. However, 
Brazil did not accept this recommendation and withdrew from the Commission, thus 
regressing on human rights. In December 2015, the United Nations Working Group 
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on Business and Human Rights travelled to Altamira, the closest city to the Belo 
Monte project and one of the areas most affected by the socio-environmental 
conflicts and displacement caused by the construction of the dam.
116
 The Working 
Group listened to complaints from affected groups, including members of riparian 
and indigenous communities. The visit resulted in a statement made by the Working 
Group, encouraging the Brazilian government not to sacrifice human rights in the 
pursuit of economic development.
117
 The objective of the Working Group was to 
identify human rights violations derived from Belo Monte and to press Brazil to 
respond to them. 
Prior to the intervention of IACHR and the United Nations, the impacts of the Belo 
Monte Dam had been denounced for years. Since the hydropower construction was 
initiated, the Belo Monte project has approximately 1,500 lawsuits against it.
118
 At 
least 20 prosecutions were executed by Brazil’s Federal Public Ministry, who alleged 
irregularities in the licensing process, lack of supervision and protection of the 
environment, affront to the rights and guarantees provided for in the Federal 
Constitution, and so on. As a result, the courts ordered the works to stop on at least 
six occasions, but the Rousseff government requested an annulment of those 
rulings.
119
 The government also unseated Brazil’s “candidate to the Commission and 
its ambassador to the Organization of American States, denied its annual 
contributions to the organisation, and began a process of ‘strengthening’ the Inter-
American System”,120 which concluded by reforming the Commission rules. In 
response, the Commission focused on protecting affected communities through 
urgent actions rather than requesting the suspension of works.   
The Belo Monte Dam has already caused massive impacts, despite only recently 
being inaugurated. However, the Commission and other Brazilian authorities still 
have the opportunity to respect human rights and the environment and change part of 
the dam’s history. The Commission can now prioritise the case and make a decision 
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quickly, in order to prevent any further harm. To achieve this, the enforcement of 
rules and the implementation of justice are necessary
121
 in order to change the current 
lack of dignity and respect for affected communities. 
 
5.5.3 Hydroelectricity Users 
The World Bank
122
 defines basic human needs as food, water, health, shelter, 
education, and employment, clearly excluding energy from the list.
123
 However, the 
consumption of energy is involved in the satisfaction of all of those basic needs, a 
characteristic that terms energy as a “derived demand”.124 Indeed, from the moment 
that the Brazilian State assumed the responsibility to protect its citizens’ welfare –
 prioritising public policies of health, housing, food, leisure, and work within the 
context of an urban and industrial society – electric power, in particular, has become 
central to the realisation of other social rights.  
To illustrate the importance of electricity access, houses need electricity for the use 
of domestic appliances, like a simple refrigerator or fan, as well as to have water 
generated and street lighting. The network of hospitals and public health centres 
depend on the constant supply of electric energy. The right to life
125
 of many patients 
is linked to electric energy that drives the entire public and private hospital system. 
An educational establishment also requires electrical energy, especially for students 
who are only able to study at night.
126
 The same is true in the services sector, as 
electric energy is indispensable for the smooth functioning of businesses. Even social 
labour law
127
 is affected, due to the maintenance of jobs, which could not occur 
without the existence of establishments, such as industries. Other sectors such as 
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communications and public security, among others, are similarly dependent on 
energy.
128
 
The electricity supply service is legally provisioned as essential in Brazil, as stated in 
Article 10, I of Law 7783/89 and item 3 of Ordinance No. 03 of 19 March 1999 of 
the Secretariat of Economic Law of the Ministry of Justice. This law reinforces the 
right to energy access, the non-compliance of which would infringe basic human 
rights.
129
 Despite energy not being yet legally protected as fundamental right,
130
 users 
have the fundamental right to access energy, which is recognised nationally and 
internationally,
131
 and the State must be prepared to provide electricity.  
No sphere in the public or private sector in urban and industrial society, in Brazil and 
worldwide, is free from energy dependence, either electric or from any other source. 
The public service of electricity are essential in a given culture; without which, 
people find themselves deprived of the minimum required for the proper feasibility 
of their lives. The provision of electricity is indispensable to the exercise of certain 
fundamental rights;
132
 therefore, energy deserves to be considered as an essential 
element to achieve basic human rights and the large use of hydropower dams fulfils 
these electricity demands. Adapting hydropower dams to climate change effects 
contributes to ensuring energy security in Brazil, providing electricity to all the 
population, as natural person or legal entities. 
 
5.6 CONCLUSION 
This chapter reviewed human rights’ applicability in the context of climate change 
and the constructions of hydropower dams, analysing the interests and rights of the 
parties involved. Human rights are essential, and particularly important for those 
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communities affected by hydropower constructions and climate change. 
Unfortunately, disregard for local communities exists, and therefore the enforcement 
of human rights must be stronger and more effective in order to protect these 
vulnerable communities. Brazil, in particular, has already established legal 
frameworks relating to climate change and dam construction; however, the relevance 
to human rights is in fact weak. Economic drivers are the major reason for devaluing 
human rights, especially for those people most in need, such as indigenous 
communities. The lack of engagement with other fields, such as engineering and 
environmental science, makes hydroelectricity a human rights’ issue, and the 
situation is worsened when water-flow levels are affected by climate variability. 
When other fields of expertise work to better manage hydropower projects and the 
surrounding areas, they improve the quality of these projects and benefit local 
communities. Adapting and improving the way of life while supported by specific 
professional knowledge can be advantageous for surrounding people. Communities 
can take advantage from the constructions, especially because water would be 
managed against the effects of climate change and relocation would not be necessary 
anymore. All these elements contribute to fulfil human rights issues. This 
relationship between hydropower, climate change, and human rights is closely 
connected, as each affects the functioning of the others.  
Therefore, to adapt hydropower to the effects of climate change requires human 
rights policies that actually protect the rights of individuals. The law must be applied 
without distinction, benefiting and prioritising human rights rather than the State’s 
economy. The legislature and judiciary must focus on the most vulnerable so that the 
country grows effectively and social disparities are reduced. International 
frameworks provide the basic rights to be adopted by Brazil. Balancing and adapting 
human rights to all parties is the main key to protecting individuals, the State’s 
sovereignty, and ensuring energy security. The next chapter aims to examine 
Brazilian energy legislation to investigate the current measures adopted by Brazil in 
regards to electricity generation and distribution, and what Brazil has done to manage 
climate change impacts to date.  
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Chapter 6: Brazil’s Energy Laws: Assessing 
the Extent to Which They 
Address the Challenges of 
Climate Change 
6.1 INTRODUCTION 
After analysing and evaluating international climate change frameworks and human 
rights applicability in Brazil, a number of issues were identified which must be 
addressed in order to adapt hydroelectricity to the impacts of climate change and 
environmental harm, at both international and domestic levels. In order to provide an 
overview of the achievements made and issues faced by Brazil in guaranteeing 
energy security, especially from hydroelectricity, it is important to discuss the laws 
regarding the national electric system, environment, and climate change. Thus, the 
following interpretation of current legislation provides a baseline to determine and 
criticise the concept of electricity as fundamental right, what the legislation has 
already achieved, and what could improve the adaptation of hydropower in Brazil in 
the context of climate change, while also considering the environment and protection 
of human rights. Understanding and evaluating the Brazilian electric system, its 
environmental history, institutions, provisions, and operations, contributes to 
establishing a legal framework that will allow the adaptation of hydroelectric dams to 
future climate changes. 
 
6.2 CONSTITUTIONAL PROVISIONS AND INSTITUTIONAL 
ORGANISATIONS RELATING TO BRAZIL’S ELECTRIC SYSTEM 
When examining the risks – in regards to hydropower and climate change – posed by 
the current energy legislation, it is essential to understand the current energy 
measures adopted by Brazil. As demonstrated above, the reliability of hydropower as 
a source of energy is threatened by future changes in water-flow levels and the 
country must be prepared to deal with these issues. Adaptation is fundamental to 
ensuring energy security for millions of people dependent on this service. The 
growth of other renewable sources of energy in Brazil supports future energy 
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challenges; however, hydropower will remain one of the most important generators 
of electricity. Millions of dollars are spent on the expansion of dams, even though 
environmental and climate findings have identified the risks of such dependence. An 
analysis of Brazilian legislation regarding electricity demonstrates the positive and 
negative legal aspects established by law-makers in the past, and indicates the 
remaining gaps that need to be addressed.  
As the highest legal instrument in Brazil, the Brazilian Federal Constitution of 1988 
(CF/88) establishes the fundamental rights and duties of individuals, and regulates 
matters concerning the executive, legislature, and judiciary. The Constitution also 
contains a set of rules for managing issues related to natural resources and the 
competent supervision of energy sources. Additionally, other laws and decrees 
regulate the hydroelectric system in order to protect rights and avoid ambiguous 
understandings. Among hundreds of articles and amendments within the 
Constitution, some specifically address water resources and the energy system. 
However, despite some legal provisions relating to energy, there are many significant 
gaps, such as the fundamental right to access energy, that will be outlined and 
detailed in the discussion below. 
Importantly, the definition of electricity as a fundamental right must be initially 
addressed. The Constitution does not specifically include electricity in its list of 
fundamental rights, likewise international law does not state electricity as 
fundamental right. However, the Brazilian doctrine and jurisprudence have been 
recognising electricity as fundamental right for a long time. The interpretation of 
electricity as a fundamental right relies on the open constitutional clause: a provision 
that allows the inclusion of fundamental rights not typified in the list of rights 
safeguarded by the Constitution.
133
 In the Brazilian regulatory framework, the 
Constitution admits as fundamental rights certain legal situations not provided in the 
Constitution, called “as not listed fundamental rights”,134 as stated in Article 5, 
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paragraph 2, of the Constitution.
135
 Based on this interpretation, it could be argued 
that the Constitution provides electricity with proper protection as a fundamental 
right.  
With respect to the political-administrative organisation of Brazil, the Constitution 
assures the participation of the federal, district, State, and municipal governments, in 
addition to the direct administrative organs of the Union, in the exploration of hydro 
sources related to electric generation.
136
 The Union, which is the federal government, 
is also responsible for services and installation of electric energy, and electric 
employment of watercourses.
137
 To this end, the States containing particular 
hydroelectric potential cooperate with the Union.
138
 The Union can also establish a 
national system of water resource management
139
 and legislate regarding water and 
energy.
140
 Regarding indigenous lands, it is required that affected communities must 
be consulted and the National Congress must authorise actions,
141
 as noted in 
Chapter 5. Hence, hydroelectric resources belong to the Union, who can explore 
them, directly or through concessions.
142
 
The responsible bodies administrating the hydroelectricity system in Brazil are split 
between different powers. In the electricity sector, there are government agents 
responsible for energy policy, regulation, centralised operation and energy trading. 
Indeed, the agents of generation, transmission, and distribution are directly linked to 
production and power transmission.
143 
Figure 6.1 demonstrates how Brazil’s electric 
system is organised: 
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Figure 6.1 – Brazil’s Electric System Organisation Source: ABRADEE 
 
Figure 6.1 demonstrates that government activities are performed by the National 
Council of Energy Policy and Ministry of Mines and Energy and Monitoring 
Committee of Electric Sector, while regulatory and supervisory activities are carried 
out by the National Agency of Electrical Energy (ANEEL). The planning, operation 
and accounting activities are performed by public companies or private non-profit 
organisations, such as Energy Research Company (EPE), National Operator System 
and Chamber of Electric Energy Commercialisation. Additionally, the permitted and 
regulated activities are carried out by other industry players, the generators, 
transmitters, distributors, and retailers.
144
 However, the role of some entities and 
agents requires more detail to better understand the institutional organisation of the 
electric system in Brazil. 
The federal government conceded the management of Brazil’s electric supply to a 
regulatory agency in 1996. ANEEL is the special agency linked to the Ministry of 
Mines and Energy, created through Law 9427/96, whose function is to regulate the 
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electric power market in Brazil at different levels.
145
 The agency has a number of 
responsibilities, such as to regulate and supervise the generation, transmission, 
distribution, and sale of electricity, and mediate conflicts of interest between agents 
of the electricity sector, and between the agents and consumers. It also authorise 
energy facilities, ensure fair rates and quality of service, require investments, and so 
on.
146
 The integrated national system (SIN),
147
 the national grid,
148
 is also used to 
support the distribution of electricity, connecting the Brazilian States and promoting 
effective use of electricity. 
ANEEL is responsible for the centralisation of legal principles in the national energy 
system. A range of earlier principles and rules led to a series of resolutions issued by 
ANEEL. One of the principles is good faith, a basic principle of regulation in the 
sector, within the relations maintained by distributors to their customers.
149
 The good 
faith principle “requires that participants in social relationships behave in goodwill, 
fairly and justly toward each other”.150 ANEEL’s Resolution no. 456, of 29 
November 2000, is imposed on the concessionaires of electric power supply. This 
resolution provides for electricity generation and consolidates the general conditions 
of supply of electric power throughout the national territory. To support the 
endeavour of electricity supply in Brazil, Eletrobrás was created in 1962 to promote 
studies, construction projects, and the operation of power plants, transmission lines, 
and sub-stations destined for the electricity supply. It contributes decisively to the 
expansion of electricity supply and the State's development. In its holding capacity, 
Eletrobrás controls much of the generation and transmission of electricity in Brazil 
through six subsidiary systems: Chesf, Furnas, Eletrosul, Eletronorte, Eletronuclear, 
and CGTEE. In addition to being the main shareholder of these companies, 
Eletrobrás, on behalf of the Brazilian government, owns half the capital of Itaipu 
Binacional.
151
 The generating capacity of the Eletrobrás system, including half of the 
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power of the Itaipu Dam belonging to Brazil, is 39,402 MW, corresponding to 38% 
of the national total. The system consists of 29 hydroelectric plants, 15 
thermoelectric plants, 2 nuclear plants, and 59,765 kilometres of transmission line.
152
 
The Energy Research Company (EPE)
153
 was created in 2004. EPE is a public 
company bound to the Ministry of Mines and Energy, whose objective is to provide 
services in the area of studies and research to support energy sector planning. The 
research developed by EPE includes various subjects, such as electricity, oil, natural 
gas and its derivatives, coal, renewable energy sources, and energy efficiency.
154
 
With the information provided by EPE, other organisations can better develop their 
work, due to the reliability of the studies, and the high quality of the professionals 
involved in the program.  
The overview of these elements presents some preliminary conclusions. Such is the 
importance of hydroelectricity in Brazil that it has constitutional provisions to 
guarantee and enforce the rights and duties of governmental institutions. These 
provisions support the national electricity system, in addition to many other bodies 
that compose and regulate the numerous hydroelectric dams. In terms of 
organisation, these entities are considerably well organised, satisfactorily 
contributing to operational electric procedures. However, the government’s challenge 
is to achieve Brazil’s economic development of an electric system adaptable to 
environmental changes caused by climate change. Considering that Brazil’s 
legislation already has measures addressing the environment, understanding its 
history and provisions support the development of a more specific legal framework 
for adapting hydropower to the particular effects of climate change. 
 
6.3 BRIEF HISTORY OF THE BRAZILIAN ENVIRONMENTAL 
LEGISLATION 
Brazil’s environmental legislation has always been advanced in comparison with 
other countries, generally developing environmental norms earlier than other States. 
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Brazil’s environmental legislation consists of various laws. Among other reasons, 
this phenomenon stems from the different political and institutional moments in 
recent history. The importance of the environment to the people of Brazil and its 
regulators is apparent. Since the colonial era, Brazil has had specific rules of 
protection for its territory and its resources. The oldest Brazilian legal document on 
natural resources is the Water Code,
155
 which established the right of ownership and 
exploitation of water resources for supply, irrigation, navigation, industrial use, and 
power generation. Since the 1930s, legal instruments have protected the rights and 
duties of society in relation to specific environmental matters.
156
 
A law of considerable importance in the historic Brazilian environmental legislation 
is Law No. 4771 of 15 September 1965, known as the Forest Code. This law 
recognised the existing forests in the national territory and other forms of vegetation 
as public goods, imposing limits on property rights.
157
 Furthermore, it established the 
minimum criteria for the permanent preservation of conservation areas and the 
creation of parks and biological reserves, such as the national park in the Fernando 
de Noronha Archipelago.
158
 Conservation areas are areas specifically destined for the 
protection and conservation of samples of each type of existing flora and fauna. Law 
9985/2000 consolidated and instituted the National System of Nature Protected 
Areas, consisting of all conservation units: federal, State, and local. This law was 
updated in 2012, where new provisions were added to address current environmental 
needs.
159
 
Concern was raised within Brazil regarding issues relating to protection of the 
environment following the United Nations Conference on Environment in 1972 in 
Stockholm. Most of the environmental laws relate to the Brazilian energy sector, as 
some areas cannot be exploited to construct hydropower dams. Environmental harms 
are controlled by these rules and penalties are applied in case of their disobedience. 
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Some of the current key Brazilian environmental laws
160
 which are related to 
hydropower dams are: 
a) Law of Public Civil Action
161
 – Law of diffused interests, which deals 
with the public civil action of liability for damage caused to the 
environment; the consumer; and the artistic, tourist, and landscape 
heritage. 
b) Law of Environmental Protection Area
162
 – The law that created the 
"Ecological Stations": representative areas of Brazilian ecosystems, with 
90% of them to remain untouched and 10% open to change for scientific 
purposes. It also created the “Environmental Protection Areas”: areas that 
may contain private property and where the government limits economic 
activities for environmental protection purposes. 
c) Environmental Crimes Law
163
 – This law relates to offenses and penalties 
for environmental crimes. The person, author, or co-author of 
environmental violations can be penalised, and a company can be forced 
into liquidation if the company has been created or used to facilitate or 
conceal an environmental crime.
164
 Punishment can be terminated if the 
recovery of environmental damage is proved. Fines range from R$50.00 to 
R$50 million.
165
 
d) New Forestry Law
166
 – Determines the protection of native forests and 
defined permanent preservation areas (where the conservation of 
vegetation is mandatory). The preservation areas are a range of 30 to 500 
meters on the banks of rivers, lakes and reservoirs;
167
 hilltops, slopes with 
a steepness of 45 degrees;
168
 and places above 1,800 meters.
169
 It also 
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requires that rural properties in the south-east region of the country 
preserve 20% of tree cover, and such properties have been registered in the 
real estate registry. 
e) Law of the National Environmental Policy
170
 –This is the most important 
environmental law and states that the polluter is obliged to compensate for 
environmental damage they cause, regardless of fault.
171
 The prosecutor 
may impose liability for damages to the environment, obliging the polluter 
to recover and/or indemnify the losses caused.
172
 This law created the 
obligation of studies and their respective Environmental Impact Reports.
173
 
f) IBAMA Law
174
 – Created IBAMA, incorporating the Special Secretariat 
of the Environment and federal agencies in fishing, forest development, 
and rubber. IBAMA is responsible for implementing the National 
Environmental Policy, working to preserve, monitor, control, and promote 
the rational use of natural resources. 
g) Law of Water Resources
175
 – Established the National Water Resources 
Policy
176
 and created the National System of Water Resources.
177
 It 
defines water as a limited natural resource with economic value, which can 
have multiple uses (human consumption, energy production, 
transportation, sewage release).
178
 The law also provides for the creation of 
the National Water Resources Information for the collection, treatment, 
storage, and retrieval of information on water resources and factors 
involved in their management.
179
 
It is worth mentioning the existence of numerous and important resolutions of the 
National Environmental Council (CONAMA), which regulates matters of extreme 
interest and those specific to Brazilian environmental law. Although these are not 
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laws, such resolutions are part of the national legal system, which is comprised of 
legal instruments such as laws, decrees, resolutions, and so on.
180
  
In summary, the Brazilian environmental legislation is recognised as one of the most 
advanced in the world.
181
 It incorporates clear guidelines for the pursuit of 
sustainable development.
182
 However, these guidelines are not adequately enforced, 
as stakeholders can manipulate it to have their particular interests guaranteed, usually 
with support from the government. This manipulation happens through negotiations 
that can overlook fundamental legal principles or prioritizing laws that are more 
advantageous for stakeholders rather than environmental or social rights, for 
instance. Further, large and powerful companies sponsor political campaigns and 
such companies are not necessarily identified
183
 including the ones involved in 
hydropower projects.
184
 Thus, logrolling is a frequent occurrence. Punishing 
responsible those for environmental harms is also another problem in Brazil, due to 
the inefficient pace of the Brazilian justice system. Indeed, Brazil has many other 
issues to solve, but the environmental legislation by itself is an example to the world. 
The following section investigates Brazil’s hydropower regulation in relation to 
environmental and climate change issues.  
 
6.4 REGULATING THE OPERATION OF HYDROPOWER DAMS IN 
BRAZIL 
Given the reliance on hydropower as a source of energy, the regulations and 
legislation concerning hydropower management in Brazil must be analysed. 
Potentially polluting or environmentally degrading ventures such as hydroelectric 
power plants, for instance, must observe and comply with several legal standards. 
Existing laws must be observed in Brazil’s Federal Constitution 1988, the Forest 
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Code,
185
 the law establishing the National Environmental System Environment 
(SISNAMA),
186
 the resolutions of the National Environment Council (CONAMA)
187
 
and normative instructions and decrees of the various environmental agencies. The 
authorisation and implementation of hydropower plants is controversial, due to the 
extensive damage caused to the ecosystem, in addition to human rights infringements 
with local communities (see Chapter 3 and 5, respectively). The process for installing 
hydropower dams is bureaucratic, requiring progress through various stages of 
government until actual operation, as demonstrated below. Approval processes can 
sometimes last for years, if not decades, as in the Belo Monte case, and even then 
some environmental and climate aspects are not considered. The number of lawsuits 
involving Bel Monte indicates the dissatisfaction with the current level of legal 
protection against harm caused by hydropower dams.
188
 Understanding the current 
laws and regulations assists with developing a new legal framework that is more 
efficacious, adaptable, and aware of its limitations in the face of climate change. In 
this regard, understanding the environmental licensing is also relevant to address 
climate change effects because it supports the creation of a legal framework that 
would strongly consider climate vulnerabilities in its process.  
Environmental licensing is based on laws, regulations, and technical standards, 
aiming to make the enterprise compatible with the protection of a balanced 
environment. Licensing involves the exercise of administrative policy power, 
implementing important principles of environmental law such as prevention, 
precaution, and the “polluter pays”.189  The environmental licensing of hydroelectric 
plants in Brazil is characterised by three phases. First, an initial license is provided to 
allow for the environmental feasibility of the project to be assessed (the prior 
Environmental Impact Study and report are also sometimes required) and necessary 
authorisation for the use of water,
190
 guaranteed by the National Water Resources 
                                                 
 
185
 Law No. 12651 of 25/05/2012. 
186
 Law 6.938 of 31 de agosto de 1981 (Regulated by Decree 99.274 of June 6, 1990). 
187
 Such as Resolution CONAMA n 006/1987, which established general rules for licensing of 
activities that cause significant environmental impacts. 
188
 See “TRF-1- Embargos de Declaração na Apelação Civel EDAC 711 PA 2006.39.03.000711-8 
(TRF-1)” (Portuguese version). Exploitation of energy resources in indigenous area without prior 
hearing of the affected indigenous communities. 
189
 Complementary law 140/2011, Art. 2
nd
, I. 
190
 The use of water assesses the availability of necessary water for the project in the watershed, best 
place on the river extension to locate the reservoir, power plant or small central hydroelectric plant. 
  
 123 
System. Second, a license for installation is granted, in which the project must 
conform to the technical standards established by ANEEL. Third, an operating 
license is granted to authorise filling the reservoir and initiating the power 
generation.
191
 These stages aim to improve environmental protection in the 
construction of dams.   
There are two important organs responsible for this licensing process: IBAMA and 
CONAMA. The Brazilian Institute of Environment and Renewable Natural 
Resources (IBAMA) is the executive organ of the national environmental policy, and 
is responsible for resolutions and other specifications met by the entities of the 
national territory.
192
 IBAMA is currently responsible for the environmental licensing 
of most large hydroelectric plants.
193
 IBAMA determines whether these projects 
cause a significant environmental impact, are located or generate direct impact in two 
or more States of the federation, in indigenous areas, or conservation units in the 
domain of the Union, as defined in the resolution of CONAMA 237/97.
194
 The 
National Environmental Council (CONAMA) is the regulating, consultative and 
deliberative organ of the National Environmental System and implements public 
policies through resolutions, motions and recommendations.
195
 CONAMA 
announced specific rules for the licensing of hydroelectric plants, such as Resolution 
06/1987 and 279/2001. Resolution 06/1987 established the necessary documents and 
studies for the licensing of hydroelectric plants, while Resolution 279/2001 
introduced a simpler procedure for hydropower projects with less potential 
environmental impact.
196
 
In recent years, the environmental licensing process, planning, and construction of 
hydroelectric plants has evolved considerably. The normative evolution occurred 
through several provisions of laws created to enhance the process of planning and 
constructing these projects. Some examples are the obligation to pay environmental 
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compensation,
197
 and the need for execution of proactive actions in order to prepare 
the region that will be affected by the social impacts of the installation of large 
projects, in addition to the implementation of structural measures to support health 
systems, education, and security.
198
 Meanwhile, the non-normative considerations, 
particularly technological, there were also significant advances in the construction of 
barrages and engines, such as the construction of run-of-river dams,
199
 although these 
are contested when linked to climate change issues and energy security, as discussed 
in Chapter 2. Nowadays, the historical flow rates used for the hydroelectric plants 
consist of data produced over the course of 70 years, according to ANEEL.
200
 Based 
on this historical data, together with statistical resources, there is the possibility of 
simulating numerous sequences of flow rates for each plant, reducing the risk of 
failing electricity generation. This means that determining the percentage of the 
simulated years allows a rationing limit for the system. Approaching these non-
normative considerations to normative considerations, the result is a rationing limit 
of 5% established in the current legislation.
201
 This monitoring process is stated in 
Decree 2665/98, Art. 21.
202
 
Despite all of the mitigating and compensatory measures currently in place, such as 
stated in the CONAMA Resolution 001/1986,
203
 the environmental impact from the 
installation of hydroelectric plants is still quite high. These problems can be 
mitigated and possibly even ceased through specific regulations directed at reducing 
environmental harm and such regulations will involve law-makers and environmental 
professionals.  
Other negative aspects of the current legislation relate to the decision process 
involved in developing a project. The IBAMA, as the licensing organisation of larger 
hydroelectric plants, suffers from enormous pressure on the environmental licensing 
of these projects from the electric sector – which complains about delays and rigor in 
the issuance of environmental licenses – as well as affected population and 
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institutions, which are opposed to the installation of these projects due to the impact 
on the community.
204
 This pressure is reflected in the high index of lawsuits related 
to licensing procedures. The Belo Monte Dam, for instance, demonstrates the 
difficulties of the current environmental licensing in Brazil. The discussion process 
of the environmental feasibility of the project lasted for decades, and then was 
suspended and then released by the federal judiciary, which had considered its 
Environmental Impact Study to be incomplete.
205
 
The delay in the issuance of environmental licenses to hydroelectric plants is 
grounded in several reasons. These include the democratic nature of the process, 
which must provide for public participation, the other institutions involved, the small 
number of employees working in the licensing division, and the poor quality of the 
environmental studies presented. Therefore, IBAMA often requires additional 
information, which contributes to the delay in the issuance of environmental licenses. 
The ineffectiveness and application of other instruments provided in the 
environmental legislation – such as the legal reserve, grants, federal records – as well 
as the technical, economic, and ecological zoning of regulation land also result in 
impediments to the issuance of environmental licenses.
206
 
Therefore, the construction and operation of hydropower dams involves issues 
relating to environmental impacts and the licensing process. It is incontestable that 
dams cause great harm to the surrounding ecosystem and the livelihood of 
communities; however, the restraints imposed by the licensing process to protect the 
environment limit IBAMA’s effectiveness. The licensing process has the potential to 
be effective in preventing environmental harm; however, each of the steps involved 
in the process depend on other fields of research. A qualified work group is essential 
to ensure effective results, as well as the responsibility of investors to consider not 
only their economic gains, but also a less destructive hydropower project. The 
current environmental law has some regulations that consider these issues; however, 
future climate change impacts are not adequately considered due to the lack of more 
precise legal terms. It is currently a matter of responsibility of all sectors involved in 
the licensing process to guarantee electricity with less or no environmental impacts. 
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Currently, to reduce the vulnerability to climate change of hydroelectric enterprises, 
acceptance by society is required. To a significant extent, this has occurred, 
especially in contrast to the pre-1980s era. The complexity of the most recent 
projects is essentially a consequence of changes in the legislation.
207
 Brazil’s 
licensing for the operation of hydropower dams is relatively precautionary in terms 
of the environment, but still inefficient concerning licensing speed and addressing 
the impacts climate change. Although environmental preservation is a measure that, 
even indirectly, assists in mitigating climate change and contributing to reducing the 
emission of greenhouse gases, the main focus of hydroelectric licensing is not 
actually climate issues. Numerous studies suggest climate change impacts water-flow 
levels and consideration of air temperature is extremely relevant to ensure 
hydroelectricity in the future. A detailed policy incorporating these climate concerns 
into law would definitely support the continued use of hydroelectric production. 
Hence, policy-makers should increase the extension of these rules, and engage 
contemporary issues in the licensing process of hydroelectric operation. The next 
section will consider the laws concerning climate change in Brazil and their ability to 
address contemporary climate change. 
 
6.5 CLIMATE CHANGE LAWS OF BRAZIL 
In Brazil, there has always been a desire to control the natural wealth exploitation of 
the territory. What were merely political-economic measures, over time, began to 
integrate with issues related to the preservation of the environment. As previously 
seen, the country has currently some of the most advanced environmental legislation 
in the world,
208
 although there remain administrative and institutional difficulties in 
the implementation of its guidelines. Climate change has also been adding new views 
to earlier unknown phenomena, at both international and national levels. Hence, 
climate change laws in Brazil give substantial content to the global climate issue, 
assisting with the control of greenhouse gas emissions; however, the gaps concerning 
the use of hydropower dams in face of climate change highlight the importance of 
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deploying a new adaptation paradigm. To meet the pledges made at international 
conferences,
209
 Brazil adopted several climate change laws to mitigate the effects 
caused by climate change, which must also be applied for hydropower projects. 
In this process, international environmental agreements guide Brazilian policies. The 
awareness of environmental issues in the medium and long-term is indispensable to 
the sustainable development principle contained in the Declaration of Rio, which is 
the basis of Agenda 21.
210
 Domestically, the elaboration process of Agenda 21 
sought to establish strategies to ensure sustainable development in the country, 
recommending actions, actors, partnerships, methodologies, and necessary 
institutional arrangements for its implementation and monitoring.
211
 Jointly, the 
environmental care related to the prevention and sustainability of natural resources, 
and growing concerns regarding climate vulnerabilities, resulted in several norms. 
These norms are organised in different levels and sectors in the current climate 
change laws of Brazil. An overall view of the relationship between international law 
and the Brazilian climate change laws illustrates their enforcement and engagement 
to manage climate issues. Some measures attend current issues and others are 
pledges for the future. Given their importance and applicability, the following list 
provides the most important legal measures, documents and responsible organs 
currently adopted at different levels of law and government. The laws are linked to 
climate change, but principally prioritise energy, which includes hydropower as it is 
Brazil’s main source of energy, as shown below.212  
 
Status under International Climate Change Law (see chapter 4): 
 UNFCCC: signature (4 June 1992) and ratification (28 February 1994).
213
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210
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211
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212
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signature June 20, 1992, entered into force 21 March 1994) (UNFCCC). 
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 Kyoto Protocol: signature (29 April 1998) and ratification (23 August 
2002).  
Quantified emission limitation or reduction commitment: na.
214
 
 Vienna Declaration and Programme of Action: signature and 
ratification (25 June 1993).
215
 
 Montreal Protocol: signature (16 September 1987) and ratification (1 
January 1989).
216
 
 Cancun Agreement/2020 Pledge: Reduce absolute emissions from 36.1 
to 38.9 % relative to business as usual.
217
  
 
Federal Laws on Climate Change: 
Climate 
 Creation of the National Policy on Climate Change (NPCC)
218
 -
designed to implement UNFCCC commitments and subsume past 
government efforts. The NPCC is tasked with reducing GHGs to mitigate 
climate change, creating adaptation and conservation policies and 
developing a national cap and trade policy. 
 National Policy on Climate Change
219
 – creates regulation for Law No. 
12187 Article 6 on the NPCC, National Fund on Climate Change, and 
Action Plans on Deforestation Prevention and Control; Article 11 on the 
Sector Plans (CDM and the Nationally Appropriate Mitigation Actions); 
Article 12 sets the national voluntary emission reduction commitment. 
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 National Fund on Climate Change
220
 – directs funds for the adaptation 
and mitigation of GHGs through research, the diffusion of technology, and 
the promotion of REDD
+
 projects.
221
 
 National Plan for Adaptation to Climate Change
222
 - aims to reduce 
national vulnerability to climate change and conduct a risk management 
strategy associated with this phenomenon. 
Energy 
 Inter-ministerial Committee on Climate Change and the National Plan 
on Climate Change
223
 – decrees that renewable sources must constitute 
80% of the power base by 2030. The National Plan on Climate Change 
requires a National Energy Efficiency Action Plan that lowers electricity 
consumption by 10% by 2030 and reduces deforestation of the Amazon. 
 Mandatory Biodiesel Requirement
224
 – mandated that diesel be 5% 
biodiesel by 2009. 
 Program of Incentives for Alternative Electricity Sources
225
 – creates 
Programa de Incentivo às Fontes Alternativas de Energia Elétrica 
(PROINFA)
226
 that implements energy supply-side policies targeting wind, 
biomass, and small hydro energy sources financed through an increase in 
consumer energy bills and financing from the Brazilian National 
Development Bank. 
 National Conservation and Rational Energy Use Policy
227
 – requires 
that each year, after the Executive announces the required level of energy 
consumption and efficiency, a Targets Program must monitor progress. It 
includes energy-demand side policies. 
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Local, State, and Regional Legislation and Initiatives: 
 Amazonas State Climate Change Policy
228
 – establishes the State policy 
on climate change, environmental conservation and sustainable 
development of Amazonas, and establishes other provisions. 
 Sao Paulo Climate Change Act
229
 – establishes principles and strategies 
for Sao Paulo’s mitigation of climate change. 
 Rio Grande do Sul Climate Change Policy
230
 – establishes principles, 
objectives, guidelines and instruments of mitigation and adaptation of 
climate change.  
 Other States and cities also have climate change plans.  
 
Government Documents: 
 Communication to UNFCCC regarding Brazil’s Commitments for 
UNFCCC COP15 (January 2010)
231
 
 National Energy Plan – PNE 2030 (2007)232 
 Environmental Legislation Compendium (2010)
233
 
 Intended Nationally Determined Contribution (2015)
234
  
Others: 
 Brazilian Ministry of the Environment
235
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 Brazilian Ministry of Mines and Energy
236
 
 Brazilian Ministry of Science and Technology
237
 
 Forest Code Reform
238
 
 Greenhouse Gas Inventory Data
239
 
 
NGO Resources: 
 Climate Change and Social Justice Forum
240
  
 
As shown above, “since early 2000, Brazil has employed significant political effort 
to adopt climate change legislation and policies”.241 These legislations and policies 
are relevant for hydropower, as hydroelectric projects should obey their rules in order 
to mitigate climate change.  An example of the increased importance of issues related 
to climate change in Brazil was the inclusion of a Climate Change Programme in 
Multi-Year Plan (PPA) of the Federal Government in 2000, which is updated every 
four years, with the allocation of the Union Treasury resources.
242
 The objective of 
PPA is to develop scientific information concerning the emission of greenhouse 
gases to support political performance in relation to GHGs. The indicator used to 
achieve this goal is the increase in the number of qualified institutions involved in 
climate change.
243
 There are six aims of the PPA: the development of studies about 
vulnerability and adaptation to climate change impacts, the development of 
perspective models for tracking climate changes, the elaboration of national 
anthropogenic emissions of greenhouse gases inventory, the implementation of the 
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monitoring system for GHG emissions, the information system on greenhouse 
effects, and the development of studies about climate change mitigation.
244
 
Of all of Brazil’s environmental measures, one in particular stands out: the National 
Climate Change Plan, launched in December 2008.
245
 The National Climate Change 
Plan deals with in-house climate change issues and is committed to international 
conventions and corresponding pledges proposed by the Brazilian government. More 
specifically, the Plan seeks to diminish GHG emissions, principally through 
adaptation and mitigation efforts; promote renewable energy; reduce deforestation; 
and prevent the loss of forests and research and development.
246
 The Plan also 
addresses the electricity sector. For instance, Article 3, III of Decree 7390/2010 
refers to Plano Decenal de Expansao de Energia,
247
 an action plan for sectoral 
mitigation and adaptation to climate change. In this regard, the goal for the electricity 
sector is “increasing the contribution of co-generation electrical energy, especially of 
sugarcane biogases, to 11.4 per cent of the total supply of electricity in the country 
by 2030”.248 Article 6, III of Decree 7390/2010 states that the reduction of GHG 
emissions in Brazil’s energy sector includes the “expansion of hydroelectric power 
supply, the supply of renewable energy sources, particularly wind farms, small hydro 
and bio-electricity, the supply of biofuels, and increased energy efficiency”.249 This 
statement clearly promotes the expansion of hydroelectricity in the energy sector, 
although other sources of energy are also consider to meet GHG emissions pledges. 
The use of hydropower as a renewable source of energy is extensively diffused in 
Brazil, which makes its regulation even more important to face climate 
vulnerabilities and ensure future energy in Brazil. Additionally, the Decree settles 
that the calculation of GHG emissions resulting from the production and use of 
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energy for 2020 be made by the construction of scenarios elaborated by the EPE 
from demand forecasting models based on population estimates, economy, and 
development of the intensity of emissions in the energy sector.
250
 It also establishes 
that the elaboration of the Multiannual Plan made by the federal government must 
observe the provisions in the NPCC.
251
 However, the last PPA of 2016 did not 
involve the promotion of other renewable energy sources in the energy matrix, 
contradicting Rousseff’s speech at COP 21 weeks prior.252 The Decree reinforces the 
maintenance of hydropower as a main source of energy in Brazil, making a legal 
framework even more important to adapt to hydropower to respond to future climate 
changes.   
If Brazil’s government complies with climate change objectives, this should trigger 
considerable investment in sustainable activities. For example, in April 2009, a loan 
of US$1.3 billion to Brazil was approved by the World Bank to finance 
environmental projects, which include renewable energy development.
253
 In 2002, 
Decree 5025/2004 launched a national incentive program for alternative energy 
sources, called Incentive to Alternative Energy Sources Program (PROINFA).
254
 Its 
aim is to promote the diversification of the Brazilian energy matrix, seeking 
alternatives to enhance security in the supply of electric power, and allow the 
appreciation of the regional and local characteristics and potentialities.
255
 PROINFA 
intends to establish “a mandatory market for renewable energy and creating over 
3,000 MW of electricity capacity from winds and biomass”256 in the SIN. It was 
established that the amount paid for electricity purchased in addition to the 
administrative, financial, and tax charges incurred by Eletrobras in contracting such 
enterprise be apportioned among all classes of end users served by the SIN. The 
exception is those consumers classified in the low-income residential subclass 
(consumption not exceeding 80kWh/month). These decisions will potentially support 
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energy security in Brazil, although hydroelectricity will still represent the major part 
of Brazil’s energy mix.  
One of the most recent legal measures adopted by Brazil was the National Plan for 
Adaptation.
257
 This strategy involves the identification of the country’s exposure to 
current and future impacts based on climate projections, the identification and 
analysis of vulnerability to these potential impacts, and the definition of actions and 
policies that promote adaptation for each sector.
258
 The objective is to promote the 
management and reduction of risk associated with climate change in order to take 
advantage of emerging opportunities, avoid damages, and build instruments for the 
adaptation of natural, human, productive, and infrastructure systems. The National 
Plan indicates guidelines and recommendations for 11 issues of national interest that 
were identified as vulnerable to climate change, including measures for energy and 
water resources, and sets targets with a four-year term of enforcement. As the current 
director of the Climate Change and Environmental Quality Secretariat, Karen 
Silverwood-Cope, affirmed, “[t]hese goals are part of the contributions (NDCs) that 
Brazil sent to the United Nations, within the global efforts to combat climate 
change”.259 The National Plan for Adaptation will also be part of the Brazilian Forum 
on Climate Change as an example to be followed, as it was designed on a scientific 
basis and in dialogue with different social actors.
260
 
Thus, the analysis of climate change policies in Brazil indicates that significant work 
has been conducted by the government and other institutions. Addressing climate 
change impacts is a governmental commitment that produces a wide range of 
regulations. Figure 6.2 summarises the history of the most important internal 
legislative measures adopted by the Brazilian government in the last decade. 
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Figure 6.2 – History of the Most Important Legal and Administrative Measures 
Adopted by Brazil (2009-2016). Source: Ministry of the Environment 
 
The GT Adaptation,
261
 mentioned in Figure 6.2, was created by the Executive Group 
Climate Change Inter-Ministerial Committee, established by Decree No. 6263/2007. 
The main objective of the Executive Group was to discuss and elaborate the National 
Plan for Adaptation to Climate Change. The GT Adaptation involves the support of 
thematic networks, composed of experts who held the role of developing technical 
documents with a sectoral and, where possible, territorial approach.
262
 The meetings 
of the Executive Group took place regularly to examine the draft of the National Plan 
for Adaptation and incorporation of the contributions received through the 2015 
Public Consultation.
263
 Their work supports the development of adaptation measures 
addressing to hydropower.  
Hence, environmental mitigation and adaptation strategies are constantly reviewed 
by the Brazilian government in addition to the commitments effectuated in 
international conventions. It is extremely important for all countries to adopt internal 
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legal measures to manage climate change and environmental harm, particularly 
important for hydroelectric generation. The preservation of Brazil’s rich and diverse 
fauna and flora have been matters of importance the country for decades. This 
contributed to Brazil being recognised internationally as one of the leading countries 
in terms of environmental legislation.
264
 Brazil is a global example on environmental 
management, even though the State still needs improvement in some specific areas, 
such as hydroelectricity adaptation in the face of climate change. The current 
legislation regarding hydro-electric schemes has limited effectiveness in terms of 
adaptation to climate change. Despite the uncertainties of climate effects, the current 
use of predictive measures can arguably be used to implement strategies to avoid 
catastrophic consequences. Accordingly, to achieve effective legal frameworks in 
this complex area, legal frameworks must be put in place, and policy-makers must 
work together with experts and representatives of affected populations.  
 
6.6 CONCLUSION 
Climate change demonstrates the need to alter energy habits and address new energy 
policies. The search for renewable energy will inevitably lead to higher hydropower 
demand in some countries. This chapter analysed many important aspects concerning 
Brazil’s legislation, focusing on issues related to the environment, climate change, 
and the electricity system. The relevant political-administrative organisations were 
discussed in order to understand the hierarchy and competencies of these institutions. 
Historically, Brazil has responded well to environmental issues, but there are some 
gaps that need to be filled. Adaptation, for instance, is mentioned in some legal 
instruments but the legal management of hydroelectricity to achieve effective 
outcomes remains unclear. The several laws analysed in this chapter do not 
specifically state measures relating to the management of hydropower dams and 
climate change impacts. The current legal system uses environmental impact studies, 
for both climate change and hydropower projects, but does not provide information 
regarding measures of adaptation. The current regulations are broad and vague, and 
result in an absence of effective measures to adapt hydropower.  
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The overall legal context must be considered when developing a legal framework for 
hydropower. Such a framework must include measures for adapting dam operation to 
new levels of water to ensure the same or similar hydroelectric capacity. For that to 
occur, the environmental impacts of such adaptation needs to be considered, 
otherwise adaptive strategies are not effective if it causes more environmental harms 
than the current operation of dams. The responsible organs working on research and 
studying the impacts of climate change, such as EPE, are essential to conceptualise a 
legal framework to hydropower, which must address both social and environmental 
issues.  
Thus, the study and interpretation of Brazilian legislation as it relates to 
environmental or climate change law demonstrates the relevant gaps in the 
legislation and reinforces the need for more specific rules to adapt Brazil’s main 
source of energy to the effects of climate change. Hydropower has such relevance for 
Brazil’s energy security that policy-makers have a duty to ensure more adaptive 
management in place to protect future changes in water management. Hence, the 
next chapter examines a potential adaptation model for Brazil through the analysis of 
the United States’ policy for hydropower, promoting discussion regarding whether 
the policy is effective and could be a model for ensuring hydroelectricity security in 
Brazil in the context of climate change. 
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Chapter 7: Potential International Model 
for Hydropower Regulation to 
Address the Challenges of 
Climate Change 
7.1 INTRODUCTION 
Previous chapters in this thesis examined the international and national development 
of law in response to the latest environmental and climate changes. Since the 
Industrial Revolution, anthropogenic effects on the environment have triggered 
global warming. However, only in the past three decades has climate change gained 
global significance which has seen the creation of new legal mechanisms to support 
mitigation and adaptation. Global cooperation and local efforts to increase the use of 
renewable energy boost new paradigms, but the challenge of adapting Brazil’s 
legislation to potential changes in water-flow levels compromises hydropower dams’ 
operation. The rapid and growing threats of climate change require a detailed 
response within Brazilian’s legislation to address the negative effects of climate 
change on the supply of hydroelectricity, while promoting sustainable development. 
Understanding the law helps to identify gaps in Brazil’s current laws. This chapter 
investigates how other countries with large hydropower projects are confronting 
climate change. The critical analysis and comparison of potential models from other 
jurisdictions can assist to build a legal framework addressing hydropower adaptation 
to climate change, and ensure energy security in Brazil.  
This study identified and evaluated energy and climate policies used in the United 
States, a country that widely adopts this source of energy and also has energy themes 
in common with Brazil, with easier access to its policies, differently than other 
States. The objective here is not to compare States in order to decide which one 
adapts hydropower to climate change most effectively. For that, the development of 
an objective framework for judging would be required. Although there are 
peculiarities in each jurisdiction, it will be demonstrated that the US policies and 
legislation can be emulated by Brazil, as US data allows for incorporation into 
Brazilian policies. In terms of environmental impacts, hydropower in Brazil and in 
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the United States will face scenarios. Thus, this thesis provides a comparative 
analysis of the US frameworks and discusses whether they can be applied in Brazil. 
This discussion and analysis will enable policy-makers to conceptualise a legal 
framework for hydropower in Brazil in the face of climate change. 
 
7.2 HYDROPOWER AND CLIMATE POLICIES IN THE WORLD 
Hydropower is the largest renewable electricity source worldwide, playing a pivotal 
role in the electricity matrix at competitive prices. It contributes “to more than 16% 
of electricity generation worldwide and about 85% of global renewable electricity”.1 
Hydroelectricity is produced in more than 150 States, dominating the electricity 
matrix in several emerging, developing, and developed countries. The top five 
hydroelectricity-producing countries are Brazil, Canada, China, Russia, and the 
United States, corresponding to 51% of total hydroelectricity generated.
2
 However, 
each country relies on hydropower differently. For instance, Brazil and Canada are 
dependent on this source of electricity, having an overall percentage share of 83.2% 
and 58%, respectively. By contrast, the United States has a share of 7.4% from 
hydropower.
3
 Further, in comparison with other low-carbon energies, projects 
involving hydropower have multiple purposes, especially in continental-size States 
such as the United States. For instance, in addition to electricity generation, some 
functions of hydropower projects are irrigation and flood control.
4
 Among the five 
largest producers, China is the largest producer of hydroelectricity in terms of 
gigawatts.
5
 Meanwhile, the majority of internal electric energy production from 
hydroelectric dams is located in Brazil, New Zealand, Canada, Paraguay, Austria, 
Norway, Venezuela, and Switzerland. In Paraguay, 100% of electricity is produced 
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from hydropower dams, whilst in Norway 98-99% is obtained from hydroelectric 
sources.
6
  
Understanding the procedures adopted by States to adapt hydropower sources to the 
effects of climate change, if they exist, provides a model for new laws to be 
implemented in Brazil. However, the physical aspects of each region, such as 
“ecological values, climate change sensitivity, or the intensity and characteristics of 
human activities”7 would preclude an equal evaluation. As several countries are 
being challenged by the potential effects of climate change on hydroelectric plants, 
the goal is identifying the suitable legal adaptation measures for hydropower dams in 
Brazil. In particular, the achievements and errors of legislation from the United 
States assists this study, despite the different policy drivers and energy situations that 
exist in that country. The US has different approaches to managing the threat of 
water-flow levels in the future, resulting in an interesting comparative analysis of 
proposals and likely improvements of policies. There are also gaps in connecting the 
US climate change policies with their hydropower policies to meet the adaptation 
required in the face of climate change. However, valuable lessons can be extracted 
from the United States’ experience to improve Brazil’s energy policies. 
 
7.3 THE UNITED STATES GREEN ENERGY PROGRAMS AND 
POLICIES 
Hydropower provides 7% of the total electricity generation in the US and is also the 
largest source of renewable electricity in the country.
8
 The US Congress also 
acknowledges hydropower as one of the contributors for the US electricity market.
9
 
Beyond what has already been developed, the US still has significant hydropower 
potential. The US has more than 3 million rivers and streams, which enables over 65 
gigawatts (GW) of potential new hydroelectricity: essentially, the US has the 
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potential to double its current output.
10
 Most of this hydropower potential is located 
in waterways across the western United States and provides opportunities to upgrade 
hydropower as a renewable source of energy. Hydropower dams contribute not only 
to electricity generation, but also to creating employment. In 2012, for instance, the 
majority of the State’s renewable electricity was provided by hydropower, “with 
100,000 MW of installed capacity from coast to coast”.11 Consequently, the 
hydropower industry employed “approximately 300,000 workers and there is a 
supply chain of over 2,500 companies”.12  
Similar to Brazil, the US has large hydro potential and its water-flow levels will 
change due to future climate variables.
13
 In fact, the US is already experiencing some 
impacts of climate change – water is just one of the elements at risk. Climate change 
will also change air temperatures, precipitation, alter soil moisture
14
 and so on.
15
  
Therefore, in aiming to understand the procedures adopted by the US to manage 
hydropower dams and green energy policies, further data and related legislation were 
examined. Through that, the effectiveness of hydropower policies was investigated to 
verify whether it was adequate to manage potential changes caused by climate 
variations, and therefore could be modelled on and implemented in Brazil.  
As the federal government is the major single consumer of energy in the US, the use 
of renewable energy is defined by its procurement goals.
16
 Rather than federal 
programs, most of the installed capacity of renewable energy in the US is the 
consequence of deployment initiatives from the State.
17
 There are 30 States with a 
renewable portfolio standard to encourage local deployment. However, in recent 
years, the availability of federal tax incentives has abetted deployment.
18
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Importantly, the installation and maintenance of current US hydropower dams are 
controlled by federal and non-federal investments.
19
 In particular, those programs 
related to non-federal hydropower are relevant for climate change adaptation 
measures. These programs rely on official reports that are organised by the US 
government and emphasise the impacts of climate change on hydropower production, 
suggesting models for mitigation and adaptation. 
One of the latest reports about the effects of climate change on federal hydropower   
was released in 2013, as a response to legislative language asserted in s 9505 of the 
Secure Water Act 2009. This Act stated the need for an assessment of the effects or 
risks of global climate change on water supplies required for each federal 
hydroelectric project for administrative purposes. The resultant report, the 9505 
Assessment,
20
 pointed out future climate impacts and the effects on power 
generation. This Assessment is a modelling approach that estimates potential changes 
in future hydropower generation and annual run-off of federal hydropower. This 
framework makes it possible to project climate conditions in the near-term (2010-
2024) and mid-term (2025-2039) periods, but did not consider short-term intervals or 
local conditions.
21
 The Assessment also did not attempt to project the impacts of 
climate change on hydropower beyond 30 years, as there are “many other non-
climate change issues that will interact with climate effects and that are dependent on 
policy decisions of several types”.22 However, future reports can be improved, 
especially as it will be necessary to revise them every five years through to 2023.
23
 
The potential changes estimated by the 9505 Assessment predicted more climate 
variables for the next 30 years.
24
 These variables include precipitation, air 
temperature changes, seasonal and annual runoff, frequency or different water year 
types, and intensity of low-flow periods related to current conditions.
25
 More 
specifically, the water cycle will be affected by changes in temperature, which tends 
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to be warmer, causes a higher rate of evaporation. Further, rainfall levels are 
expected to decrease in most areas of both countries, increasing the severity and 
length of droughts.
26
 These changes will be followed by an increasing demand for 
water for agriculture, animals and humans. The severity of such impacts are similar 
to those predictions estimated for Brazil, and this similarity enables a comparative 
analysis of the US proposals on climate change effects and hydropower dam 
adaptation in Brazil.
27
 The advantages of sharing information related to the 
regulation of climate change and hydropower dams is that it can support many other 
countries with the same climate variable conditions.  
In addition to the Water Security Act mentioned above, there are key pieces of 
legislation promoting renewable energy in the US, specifically the National Energy 
Act of 1978, the Energy Security Act of 1980,
28
 and the Energy Policy Act of 1992.
29
 
Other important policies were established in the 2000s, such as the Energy Policy 
Act of 2005,
30
 the Energy Independence and Security Act of 2007 (EISA),
31
 and the 
American Recovery and Reinvestment Act of 2009.
32
 With each new policy created, 
additional amendments were made, expanding the list of renewable energy sources, 
offers of funds, and focusing on energy security and efficiency.
33
  
The controversial promotion of hydropower as renewable energy in the United States 
requires some analysis. While some American States consider hydropower to be an 
established and renewable energy source, not all US experts consider hydropower 
dams to be renewable energy. The California State, for instance, does not consider 
hydropower as a renewable energy source within its renewable energy portfolio 
standard.
34
 In this regard, hydropower “is not always discussed alongside clean or 
other renewable energy sources in the on-going energy debate due to its potential 
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environmental impacts”35 and the lack of observance of human rights of local 
communities and indigenous people.  
Some observers suggest that the US does not have a comprehensive national policy 
for upgrading renewable energy technologies due to the higher costs of renewable 
electricity, which are not compatible with market adoption.
36
 Although climate 
change will modify hydroelectricity production in the US – and the country requires 
measures to upgrade its hydropower dams due to those changes – the US appears 
reluctant to improve its renewable energy policies. Even long-term renewable 
incentive programs would not always be entirely grounded in appropriate legislation 
because the government has demonstrated more interest in investing in certain 
renewable energy sources, particularly with short-term funds, rather than others that 
could compromise the US economy or fail due to changes in the climate. Some 
renewable sources are not regulated, such as municipal solid waste.
37
 The critics also 
rely on uncertainty of the operation of federal projects, due to both natural climate 
variability and related changes, requiring alteration in procedures. Generally, federal 
facilities are based on past trends and from these it is assumed that similar hydrologic 
trends are going to continue in the future and must comply with existing 
requirements “to meet multiple competing goals”.38 The flexibility in operating 
existing reservoirs is also questioned by stakeholders if climate change alters weather 
patterns and leads to more extreme events and less predictability.
39
 By contrast, 
others allege that there are American policies that provide “corporate tax incentives 
for renewable electricity, even though the incentives are generally authorised for 
short periods, and have been periodically reauthorised”.40 
The latest decisions by the US government also showed divergent opinions in the use 
of hydropower dams. In 2009, for instance, President Barack Obama signed the 
Stimulus Bill, which included grants to modernise current hydropower facilities.
41
 In 
2013, two bills were signed into law, encouraging the development of hydropower, 
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and unlocking some of the enormous American hydroelectric potential. The signature 
of these bills promoted the role of hydropower in the energy mix, “as the 
administration seeks to address climate change and move to clean energy 
economy”.42 However, a provision in the Consolidate Appropriations Act of 201443 
required the Treasury’s Secretary to “instruct the United States executive director of 
each international financial institution that it is the policy of the United States to 
oppose any loan, grant, strategy or policy of such institution to support the 
construction of any large hydroelectric dam”.44 As shown, there have been many 
discussions about the reliability of hydropower plants in the US. The focus by 
government on these environmental issues may encourage the establishment of 
further suitable policies for hydropower operation in the US in the face of climate 
change. 
In summary, the management of renewable energy and hydroelectricity in the US 
requires the study of administrative organisations, laws, policies and other programs. 
Although there is no federal law driving the development of renewable energy, 
individual States can have renewable electricity mandates,
45
 which include the 
expansion of hydroelectricity. The subdivision of the US government into federal 
and non-federal legislation enables States to establish their own regulations or create 
specific organs to administer a particular area or infrastructure. However, having a 
federal policy driving renewable energy technologies is important due to the likely 
energy security this would promote. The important role played by hydroelectric dams 
in the US is undeniable, despite hydropower being a controversial renewable energy 
source due to the environmental harms caused by the construction of dams. Hence, 
the analysis of the US legislation encourages the development of a framework in 
Brazil, as both countries will experience similar effects of climate change on water 
resources. The next section will introduce the management and challenges of the US 
to adapt their hydropower to low water-flow levels, providing further analysis of the 
promotion of a legal framework for hydropower in Brazil. 
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7.3.1 The Management and Challenges of Federal and Non-Federal Hydropower  
To understand the United States' green energy programs and policies, it is first 
necessary to discuss the divisions of ownership of hydropower dams. The plants are 
owned by 1,134 owners, which include owners in the private and public sectors. The 
private sector owners include individuals and private companies, private utilities, 
cooperatives, and industrial owners. The public sector owners include municipalities 
and other non-federal public agencies, and various federal agencies.
46
 An owner may 
own dams in more than one owner class, for instance industrial and private non-
utility.
47
 If the ownership discussion is limited to the public sector due to its greater 
relevance, hydropower project is categorised as federal or non-federal. Most of the 
federal projects are managed and owned by the Bureau of Reclamation and the US 
Army Corps of Engineers.
48
 Congress typically authorises and funds these projects. 
Meanwhile, the Federal Energy Regulatory Commission (FERC) license and oversee 
non-federal projects.
49
 However, small hydropower projects with capacity equal to or 
less than 10 megawatts are exempt from FERC licensing requirements.
50
  
Thereby, the management of US hydropower dams is shared between parties, but 
there are also other federal agencies that manage hydroelectric projects. The 
Department of Energy’s Power Marketing Administrations51 generally market the 
electricity from these projects. Meanwhile, the investigation, construction, and 
operation of non-federal hydropower projects are regulated by the FERC, which also 
inspects dam safety for non-federal projects.
52
 The largest hydropower dams, which 
have the bulk of the hydropower capacity, belong to the public sector, which is 
composed of federal and State governments, cooperatives, and municipalities. With 
respect to the private sector, such as industrial entities and private utilities, private 
firms own the majority of hydropower projects, of which some are small hydro and 
low-power plants. Similarly, the management of hydroelectricity in Brazil is owned 
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and shared between various organs and requires licensing process to accept the 
construction of dams, as observed in Chapter 6. These similarities enable the analysis 
of US policies, especially because the US has demonstrated more concern and 
actions to ensure hydropower capacity under the effects of climate change.  
Due to the hydroelectric potential of the US, there is interest in increasing the current 
investment in hydropower. However, such investments are limited, partly due to 
federal and non-federal financial restrictions, high uncertainty in policies and 
markets related to electric generation, which may put off capital investment, and the 
established environmental operating requirements for hydropower projects.
53
 While 
some hydropower advocates seek policies to reduce impediments to the development 
of hydropower, other stakeholders prefer the continuation of hydropower 
investments only if they protect other interests. These interests can be the protection 
of the aquatic environment and its endangered species, and other water users.
54
 
The uncertainty in policies related to electricity generation is a complex issue. Over 
time, there have been a range of stakeholder opinions and hydropower legislative 
proposals, and differing ideas related to the costs and benefits of hydropower 
development.
55
 Therefore, the legislative issues for hydropower can be problematic. 
The committees involved in oversight or law changes depend on whether the 
hydropower project investor is a non-federal or federal entity. Each entity dictates the 
laws applied, therefore the committees may vary. According to Bracmort et al., 
“[s]everal federal government agencies own and operate large hydropower projects, 
while other agencies administer the process by which non-federal hydropower 
projects are built, maintained, and operated”.56  
Specific challenges faced by federal hydropower with regards to future development 
and production persist. For instance, at Corps facilities, hydroelectric production 
deals with several challenges, including climate change and ageing infrastructure.
57
 
There are limited options for the federal government to manage these issues. The 
challenges for hydropower at federal facilities include:
58
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a) environmental operating restrictions to protect species that would 
otherwise be harmed by these projects 
b) uncertain and variable hydrologic conditions (e.g. precipitation and 
snowpack runoff patterns related to climate variability and change) 
c) limited operational flexibility (e.g. limits derived from congressional 
authorisation and carefully negotiated operating manuals balancing 
multiple uses); and 
d) demand for water by other competing uses (e.g. municipal water supply, 
navigation, and recreation). 
Similar issues are present in Brazil, as the country has several ageing hydropower 
dams that will be impacted by climate change. Further, there are various 
environmental restrictions on hydropower operations in Brazil, in addition to a long 
licensing process. There are many regulatory agencies controlling different stages of 
the process, which limits flexibility. Additionally, the Union, States and 
municipalities compete for water in favour of their own interests. Climate variability 
and local conditions are also contributing factors.  
Furthermore, there are difficulties in accomplishing expensive maintenance, 
expansions, and upgrades of federal hydropower facilities without congressional 
appropriations, and sometimes, authorisation, both in Brazil and the US. 
Construction of new projects also faces challenges, as new federal developments 
depend on congressional actions.
59
 In general, the problems faced by federal 
hydropower are more sensitive for the government compared to non-federal 
hydropower. This is especially true of matters related to climate change, which have 
been better developed by non-federal hydropower. For this reason, the analysis of 
non-federal dams and their structure in the US requires special attention and are the 
focus of the next section.  
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7.3.1.1 Non-Federal Hydropower Dams 
Non-federal hydropower projects can be publicly or privately owned, and can be 
located on federal or non-federal sites.
60
 The non-federal hydropower projects have 
unique benefits beyond the general advantages and disadvantages of hydropower 
plants.
61
 In comparison to federal hydropower, the main difference is the use of the 
FERC as a license provider, thus regulating construction and operation of non-
federal hydropower projects. A key advantage is FERC’s ability to adapt to future 
climate variability, which is explained in more detail below in section 7.3.1.1.1. This 
ability to adapt is based on studies concerning climate change effects on hydropower 
and through specific mathematical models developed in fields other than law. This 
mathematical model, termed “cooperative game theory”, would facilitate and 
complement legal frameworks dealing with water-flow losses caused by climate 
change over hydropower dams.
62
 The scope of this thesis prevents further 
examination of cooperative game theory; except to state that the theory should be 
considered in the future. 
The unique benefits of non-federal hydropower projects are relevant to the climate 
change context. For instance, non-federal hydropower projects are more likely to 
have regular maintenance and upgrades than federal hydropower projects. This is due 
to financial incentives offered by the plant owner to generate electricity at the 
maximum capacity.
63
 Conversely, obstacles of non-federal projects usually reflect 
those of federal projects, such as regulatory requirements, high initial costs, and 
environmental concerns, especially on ecosystems and, in some cases, GHG 
emissions during construction and induced evaporation, particularly of reservoirs 
located in dry climates at low elevations.
64
 The impacts of US hydropower 
constructions on the environment are similar to those in Brazil. The ecosystems, both 
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riparian and aquatic, suffer destructive impacts that change the natural environment 
and increase the number of endangered species.
65
 The US’s environment is rich and 
diversified, and similar to the Brazilian environment. In addition to these 
environmental concerns, the length of time required to accomplish federal and State 
approval is another drawback,
66
 as well as the limited reference to human rights on 
those affected by hydropower constructions.  
As noted previously in this thesis, Brazil does not adequately address human rights 
issues and this is also the case in the United States. Human rights concerns are 
mainly concentrated around reclamations.
67
 As the development of hydroelectric 
power has considerable adverse environmental, historical, and cultural effects, 
interested groups such as communities downstream and land owners have several 
opportunities to participate in the licensing process. The objective is "to identify 
potential issues and to share their views on how to address the effects of the project 
on the natural and human environment".
68
 The interested parties must be assured that 
the hydropower project is safe before any construction takes place.
69
 The owner of 
land affected by the proposed new project or expansion of an existing project can 
negotiate compensation directly with the company.
70
 In the case of a failed 
compensatory agreement where the license is approved, the court can make an 
assessment.
71
 All parties are able to access the application process for hydropower 
projects.
72
 In comparison to Brazil's legislation, human rights concerns do not appear 
to be as relevant in the US legislature; thus, this would be an area for improvement in 
both regimes, as Brazil does not consider this matter appropriately, even though the 
legislature contains particular rules addressed to it (see Chapter 5). 
Despite noting the limitations of the US non-federal projects, the advantages still 
outweigh the federal projects, as an increase in hydroelectric generation is more 
feasible from non-federal projects. The regulatory authority for these hydropower 
dams is FERC, which presents more adaptable rules to deal with climate change 
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challenges. The following sub-section refers specifically to FERC, then the 
hydropower management adopted by this regulatory agency is explained in more 
detail.  
 
7.3.1.1.1 Federal Energy Regulatory Commission (FERC) 
With respect to policies in the United States, the Federal Energy Regulatory 
Commission (FERC)
73
 is the regulatory authority controlling non-federal 
hydroelectric projects.
74
 FERC is a relevant body to discuss in relation to the 
adaptation of hydropower dams to the effects of climate change, although some 
improvements are necessary, especially relating to timeframes. Since 1935, FERC 
has issued thousands of operation licenses.
75
 The license is a regulatory document 
valid for around 30-50 years that allows the project owner “to use public waters for 
hydropower generation and specifies conditions for construction, operation and 
maintenance of the project”.76 At the end of the initial license period, the project 
owner has to file for a new license to continue to operate according to law.
77
 Kelsi 
Bracmort et al summarised FERC as the “exclusive authority to license new non-
federal hydropower projects, relicensing existing projects and provide oversight for 
all on-going projects, and it has a role in the decommissioning of projects”.78 FERC 
has great responsibilities in US non-federal hydropower. 
The main goal of FERC is the development of hydropower production balanced 
against environmental and other interests, and supporting hydropower generation.
79
 
To achieve the objective, interest groups and basin stakeholders are involved, 
strengthening the role of interested parties in face of the environmental impacts of 
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hydroelectric generation.
80
 Thus, the only formal opportunity to diminish bioregional 
effects on the health of riparian and aquatic ecosystems created by hydropower is 
through settlement agreements and periodic new license conditions that provide a 
better reflection of modern societal goals.
81
   
In the past, FERC’s emphasis has been on encouraging hydropower development, 
and many large-scale hydropower sites have been developed to date. The role of 
FERC currently relies on relicensing process and investigating the role of 
hydrokinetics
82
 and small hydropower projects. Directed by Congress, FERC worked 
with stakeholders to streamline the application process. Applicants can use three 
licensing processes when applying for a new license or relicensing: the Alternative 
Licensing Process, the Traditional Licensing Process, and the Integrated Licensing 
Process (ILP).
83
 Since July 2005, the ILP has become the standard licensing 
process,
84
 offering greater efficiency to the licensing process.
85
 The ILP includes a 
“new process for resolving study disputes and requires the FERC to participate 
earlier in the licensing process”.86 These changes intentionally aim for a shorter and 
more efficient process, without the need to alter agencies’ authority to develop 
conditions for licenses protecting fish, rivers, State-designated uses, and federal 
reservations, such as national forests and indigenous reservations.
87
 The ILP also 
moves the FERC’s National Environmental Policy Act scoping process to the pre-
application phase instead of the post-application phase, with the objective of solving 
disputes earlier in the licensing process.
88
 Some entities available for consultation 
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during the licensing process are the US Environmental Protection Agency, 
indigenous tribes affected by the project, and potentially-affected landowners.
89
    
However, non-federal hydropower projects face similar challenges and opportunities 
to federal hydropower projects in many respects. For both, the challenges are related 
to increased capacity at existing or new facilities. Like federal hydropower projects, 
non-federal projects must consider electric generation, surrounding community 
issues, and environmental concerns. Transmission capacity and power grid 
connection must also be considered.
90
 However, non-federal projects have unique 
issues regarding the satisfaction of licensing requirements proposed by FERC. These 
challenges generally emerge from the regulatory framework, involving the “issuance 
and renewal of licenses in a timely manner, and the adequacy of the federal 
workforce to oversee the license and exemption process”.91 Furthermore, there are 
challenges concerning market demand fluctuations, community opposition, data 
collection, and data analysis to better measure production capability.
92
 Criticisms 
have also emerged against FERC, as alleged in the paragraph below: 
For some time there has been criticism of FERC’s handling of its licensing 
responsibilities, much of which centres on the assertion that the full potential 
of non-federal hydropower is not being delivered because of licensing 
delays. Some argue that additional generation capacity from hydropower 
would be possible if FERC’s licensing process were less of a barrier, 
specifically with respect to the amount of information needed to apply for a 
license and the time it takes to acquire a license. Others may contend that the 
amount of information needed in the licensing process is appropriate, given 
the safety and environmental concerns surrounding hydropower 
development.
93
 
There are many factors that impinge on the length of time for a FERC hydropower 
license, varying from six years to longer.
94
 The number of federal and State agencies 
involved in obtaining a FERC license, for instance, is clearly an issue, as 
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approximately 12 federal and states agencies can be involved. The agencies 
consulted during the process do not usually embrace the prescribed timeframes. For 
example, there is the delay caused by the untimely State water quality certification 
under the Clean Water Act,
95
 which restricts the normal length of the licensing 
process. Furthermore, FERC relicensing will be complicated, lengthy, and resource-
intensive in 2020, when many US projects will be facing relicensing.
96
 Expected 
climate changes can also exacerbate this problem, causing considerable implications 
for various ecosystems, environmental resources, and hydropower production. 
Furthermore, environmental constraints resulting from the impacts of hydropower 
dams in the ecosystem are imposed on FERC operations as a consequence of 
stakeholder pressures that might limit the flexibility of operators in adapting 
electrical generation.
97
 However, those changes in operations could assist in the 
adaptation to new climate conditions, as well as the minimisation of revenue losses 
to some extent.
98
 This means that FERC could support adaptation of hydropower 
plants to climate variations; however, the restrictions impede a proper adaptation. 
This is an issue that must be reviewed by policy-makers in order to deal with the 
effects of climate change on hydroelectricity generation. 
Indeed, climate change impacts have a close relationship to FERC licensing. As a 
modern issue, the uncertainty surrounding the potential effects caused by climate 
change leads to new global adaptation measures. FERC is an important instrument 
for managing this phenomenon in the US, using climate predictions in conjunction 
with legal policies. However, some challenging situations emerge from this process. 
The license terms are usually fixed until the next license is published.
99
 Therefore, 
the difficulty for operators is to operate under climate change conditions with fixed 
license terms, and this may result in revenue losses. In addition, “the environmental 
constraints available in the license may not maximise environmental benefits under 
changing conditions as the biological and ecological responses may not be known at 
the time of license issuance”.100 In order to resolve these issues, some relicensing 
models have been developed by researchers to increase the efficiency of FERC 
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relicensing, such as the bargaining model for connected games.
101
 The bargaining 
model can help determine whether climate change could provide an incentive for the 
cooperation of involved parties to speed up the FERC re-licensing process. 
Currently, the projects in a re-licensing process may disregard the ecological and 
hydrological impacts of climate change due to the lack of trustworthy information 
related to this issue. Minimal uncertainty regarding the effects of climate change may 
encourage cooperation between different sectors to change this perception of a lack 
of reliability in relation to climate change effects. Negotiations of adaptive FERC 
licenses addressing climate change will become even more important in the future. 
However, it may result in stakeholders focusing more on their existing benefits, and 
forgoing long-term conditional changes, which could limit their negotiations to on-
going issues. Considering that FERC licenses have terms and conditions valid for the 
extent of the license (30-50 years) and the next relicensing phase (5-21 years 
subsequent to the expected license expiring), these terms and conditions restrict the 
licensing system’s flexibility to respond to climate change or any other changing 
condition.  
Applying a licensing system similar to FERC, but improved and adapted to Brazil, 
could assist to enhance a legal framework for hydropower dams in Brazil to adapt to 
future climate vulnerabilities. Short-term licenses could increase the chance to 
respond to changing conditions and maximise management based on new data about 
the FERC’s licensing system. The only negative effects could be in relation to the 
risks of negotiation and transaction costs. For instance, if the length of time for the 
FERC license and re-licensing does not change, “parties might be allowed to amend 
the terms of the license at intervals during the license period”.102 The problem can be 
solved if parties cooperate, changing the time limit of the license to increase the 
benefits for both parties. Otherwise, parties may not cooperate and would maintain 
the current license terms, not adapting hydropower to climate change. With careful 
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adjustments, environmental concerns and stakeholder interests can be balanced in the 
licensing process, and the protection of human rights be more explicitly and 
effectively applied. Cooperation is possible when interested parties benefit from the 
changed terms. More flexibility in the FERC system would enable a more effective 
response to climate change issues.
103
  
 
7.4 CONCLUSION 
Brazil and other hydro-producing countries can only benefit from law that offers 
effective results in relation to its electricity system, installation and operation of 
hydropower dams, and measures of mitigation and adaptation of climate change. The 
United States has developed more effective policies to deal with these issues; 
however, none are completely satisfactory. The analysis of the US model also 
presented different characteristics to Brazil concerning the application of laws, 
although both countries are making an effort to tackle the effects of climate change 
on the environment. The clearer differences between the countries are in the 
approaches used to ensure energy security, especially due to their historical growth 
as developed and developing countries. While the US has more suitable policies to 
adapt its hydropower dams to new climate conditions, Brazil is investing in reducing 
its GHG emissions through renewable energy, including hydropower projects. The 
available data for each country revealed the difficulties in finding similar content, 
indicating that the US and Brazil slightly diverge in their approach to climate change 
issues. However, the US legislation can definitely provide lessons to Brazil in order 
to adapt hydropower dams to the future impacts posed by climate change. 
The similarities between Brazil and the US stem from both having hydropower as a 
main producer of renewable energy, although hydroelectricity is not always 
considered a renewable energy source in the US as it is in Brazil. Both States have 
federal policies regulating hydropower dam operation and they must meet license 
requirements. Moreover, since the early 1900s Brazil has been more environmentally 
concerned; however, the US has more effective regulations, or at least regulations 
that are more capable of better adaptation. The US government has also shown 
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concern regarding climate vulnerabilities, increasing the chances of successful 
environmental protection. 
The licensing requirements in the US may be used in Brazil to address challenges 
associated with climate change; however, in the context of hydropower, changes 
would be necessary. Assuming that a license made in 2016 will be valid until 2046, 
hydrology is likely to change substantially in three decades. This means that existing 
terms and conditions might prove unworkable or offer an inferior solution for both 
parties in control of hydropower dams. Cooperation between parties to change the 
terms of the license could solve this issue, if the involved parties are “allowed to 
amend the license cooperatively, the terms and conditions of the license can be 
changed slightly when both parties agree that they will gain more under the revised 
terms”.104 Thus, the new terms can be effective for a set time until more information 
is available and the knowledge of the ecological response is clearer. After a period of 
five years, for instance, the license’s basic terms would become invalid and the 
revised terms would become valid. The parties could then “bargain to increase their 
gain cooperatively for another limited period”.105  
Adapting FERC’s system for use in Brazil would be potentially beneficial to address 
future climate change challenges. The procedures demonstrated above can be 
improved and conceptualised for a legal framework in Brazil. Licensing processes, 
reviewed more often and observing the changes in the environment and climate, 
would enhance the outcomes of hydropower production. The numerous hydropower 
dams in Brazil need more investments in terms of structure, engineered technologies 
and scientific scholarship. The law must work together with other fields, imposing 
these conditions when granting hydropower operation. The US model can definitely 
provide insights to Brazil, and Brazil can also provide lessons to the US in relation to 
climate change mitigation measures. This cooperation would bring mutual benefits, 
in which electricity users would ultimately benefit. 
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Chapter 8: Conclusions 
8.1 GENERAL CONCLUSION 
This thesis considered the issue of the lack of an effective legal framework to adapt 
hydropower to the effects of climate change in Brazil and, from this, aimed to build a 
legal framework for ensuring hydropower security in Brazil whilst considering 
climate change. The thesis is limited to discussing hydropower dams in the 
production of provide electricity; as such, it does not examine other renewable 
sources of energy, such as solar or wind power, even though climate change can also 
affect their operation. Therefore, the thesis provided an analysis and evaluation of the 
relevant literature in order to answer the research questions as stated in the 
Introduction, through the study of the historical and current legislation, at local and 
international levels. The research questions that underpinned this thesis were: 1) 
How does climate change pose a threat to Brazil’s energy supply? 2) How does the 
law currently address issues of climate change and hydropower? a. Is the legal 
regulation sufficient to ensure future energy supply? b. What should be the objectives 
of current law in the context of hydropower and climate change? 3) What changes 
should be made to the law in order to improve the security and sustainability of 
hydropower as a source of energy to face climate change effects? a. How does the 
analysis of international law and policies inform the gaps in the Brazilian approach to 
climate change and hydropower? 4) Would a regulatory model address the problem 
of hydroelectric generation affected by climate change? 
The research questions examined in this thesis revolved around the elements required 
in order to have an effective legal framework for hydropower in Brazil in the context 
of climate change. Firstly, it was necessary to present the threats posed by climate 
change to Brazil’s energy supply, as the Brazilian territory has a large number of 
rivers enabling the use of hydropower dams and the demand for electricity and green 
energy sources is increasing. This thesis investigated the impacts of climate change 
in Brazil, particularly the negative effects on water resources. It also examined the 
effectiveness of law in addressing issues regarding climate change and hydropower. 
In particular, an analysis of the relationship between human rights, hydropower, and 
climate change promoted new insights regarding the fundamental rights threatened 
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by electricity shortages. Human rights issues occur at two levels: the impact on 
communities living near hydropower sites, and the impact on consumers from 
electricity shortages. Legal regulations were analysed to investigate whether they are 
sufficient to ensure the future energy supply if climate change continues to adversely 
impact Brazil’s hydropower generation. The thesis then considered the changes that 
should be made to the current law in order to improve the security and sustainability 
of hydropower as a source of energy against climate change, including changes to 
international laws established by the UNFCCC. Finally, this thesis considered 
whether a regulatory model could solve the issue of hydroelectric production in the 
future, through the analysis of the United States framework, allowing Brazil and 
other States to benefit from such analysis. 
Recent climate studies concluded a reduction in water-flow levels or an increased 
number of floods could endanger hydroelectric production, which would result in the 
lower production outcomes than previously predicted. As hydropower dams are the 
main source of energy in Brazil – and are largely used in many other countries – 
these studies were of direct relevance. The current international law, and Brazil’s 
domestic legislation particularly, focus on the use of renewable energy sources to 
mitigate greenhouse gas emissions; however, adapting hydropower dams to the 
potential effects of climate change is essential to ensure energy security in countries 
dependent on this energy supply.  
The thesis argues that Brazil does not have strong and specific legislation to adapt 
hydropower to the effects of climate change, which could result in catastrophic losses 
to the energy sector. Experts’ opinions in this area highlighted the lack of a 
protective legislation obligating hydropower operators to properly manage dams to 
support low water levels or even high levels of rainfall. The investigative analysis of 
the current legal framework demonstrated the inadequacy of Brazil’s legislative 
system to manage issues related to climate change, although the country has 
contributed to mitigating greenhouse gas emissions to date. The research observed 
that international law does not effectively address the adaptation of hydropower 
dams. The few references to adaptation in the international context are broad, and 
even the most recent treaties and agreements contain gaps with respect to adaptation. 
Climate change estimates by science are currently the closest method for 
international law to inform the need to adapt renewable energy sources to climate 
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change impacts due to the uncertainties regarding the effects of climate change. 
Climate change agreements, such as the Kyoto Protocol and the Paris Agreement, 
and international environmental law through the International Water Law, barely 
provide for the adaptation of hydropower dams to future climate vulnerabilities. 
These factors were the key elements that instigated a deeper analysis of issues 
involving the future of hydroelectric supply, meaning that the findings of this thesis 
have great relevance to policy-makers.  
 
8.2 FINDINGS OF THE RESEARCH 
The first research finding is related to Brazil’s environment and the large number of 
rivers in the country. The thesis described the basins which enable Brazil to use 
hydropower dams to produce electricity. Based on this, it was determined that Brazil 
still has large hydro potential to develop other hydropower dams with the same or 
higher capacity than the Itaipu Dam, for instance. Brazil’s hydroelectric potential 
also induced investments in the energy sector, as the government is continuously 
searching for investors. The State’s sovereignty is one of the factors that support 
these investments, as electricity promotes economic development. Even with the 
advance of new sources of energy, hydroelectricity will always represent a large part 
of the Brazilian electricity system. The historical blackouts in Brazil were 
predominantly due to a drop in capacity of hydroelectric generation, which proves 
that insufficient water-flow levels lead to rationing and blackouts, such as those in 
2001 and 2002. In other words, hydroelectricity did not ensure energy security in 
Brazil at that time, causing several issues across different sectors, such as industry 
and personal consumption. Climate change will lead to increased demand for 
hydropower as it is a fundamental source of energy in Brazil, and this has economic 
implications. Population growth, greater use of domestic appliances, and increasing 
temperatures will demand more electricity. The increase in demand is likely to 
coincide with impacts on supply caused by climate change. Therefore, effective 
regulation is vital for economic growth and stability.  
This thesis referred to the impacts of climate change on hydropower dams based on 
national studies supported by international data, such as IPCC reports. The 
projections confirm that hydropower dams will be negatively impacted by climate 
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change. The investigations in this thesis also concluded that hydropower dam 
construction involves issues related to the expensive costs of transmitting electricity 
and the losses incurred during this transmission. Importantly, hydropower affects the 
surrounding environment and local communities. The ecosystem suffers various 
damage, especially rivers. As presented in this thesis, the challenge is to ensure the 
implementation and maintenance of hydropower dams with minimal environmental 
harm and the awareness that climate change is likely to affect water-flow levels.  
Currently, Brazil does not have an adaptive system to manage this problem. 
This thesis analysed the international climate change approaches and their 
relationship with renewable energy sources, particularly hydropower dams. The 
thesis identified commitments signed by Brazil and concluded that international laws 
play an important role in implementing green energy policies and consequently, 
contributing to a sustainable global environment. In the past, the mitigation of 
greenhouse gases and the growth of renewable energy sources in Brazil were 
motivated by pledges made at international conferences, although Brazil has 
addressed environmental concerns in its legislation for many years. Hydropower 
dams are part of the global strategy to mitigate GHG emissions, demonstrating the 
connection between international law and hydroelectricity. However, the analysis in 
this thesis identified a lack of specific climate adaptation strategies in international 
law, principally concerning hydropower dams. Even though future climate change 
effects on dams are recognised by the international community, the current treaties 
do not adequately address this issue, particularly in relation to water management. 
Among the principles informing climate change regulations, the principle of 
Common But Differentiated Responsibilities is one of the most important for 
developing countries. This principle balances the historical responsibility for 
greenhouse gas emissions between developed and developing countries. As Brazil 
has the status of developing country, international instruments that support 
developing countries must be applied to Brazil, enabling local authorities to adapt 
Brazilian hydropower dams to the effects of climate change.  
Regarding human rights, this thesis identified several issues related to its relationship 
with hydropower and climate change. As hydropower dam construction causes 
environmental harm and changes the livelihood of local communities, many affected 
groups suffer in terms of a disregard of human rights, such as the right to live in a 
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sustainable environment and human rights issues surrounding forced relocations.
1
 
Furthermore, indigenous rights protected by law are violated by hydropower 
operations and construction, as was demonstrated through the recent Belo Monte 
case. Additionally, this thesis demonstrated the importance of indigenous people as a 
historical community that has been adapting to and surviving changes in the 
environment for centuries. Indigenous knowledge could assist the development of an 
adaptive regulatory framework; however, stakeholders rarely take this information 
into account. Stakeholder interests argue the fundamental human right of access to 
energy, which is linked to national energy security and constitutes another formative 
element of the sovereignty of a country. Climate change also contributes to human 
rights infringements, as more displacements will occur in the future as a consequence 
of climate vulnerabilities.  
Electricity is considered a basic need, although it is not explicitly protected by law. 
In the Brazilian regulatory framework,
2
 the Constitution considers rights as 
fundamental, in certain legal situations that are not explicitly stated in the 
Constitution, called as not-listed fundamental rights.
3
 Electricity is one of those 
fundamental social rights not typified. The constitutional opening clause, stated in 
Article 5, paragraph 2 of Brazil’s Federal Constitution of 1988, is an institute that 
allows the inclusion of fundamental rights not typified and safeguarded by the 
Constitution. This clause enables electricity to allow for protection of fundamental 
rights from the Atate.
4
  Doctrines and jurisprudence allow for the constitutional 
understanding of electricity as a fundamental right. The relation between the legal 
description of electricity and its character as a fundamental right is very closely 
linked to human rights. As human rights are directly related to electricity, people 
should not be denied access to it. The human rights discussion demonstrates a lack of 
balance in Brazil, as the most in need are usually the people who lose their rights or 
are not adequately compensated. Human rights protection needs to be done in 
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conjunction with the long-term sustainability of this energy source and any proposed 
changes to the regulations need to address this.  
Hydropower dams are constructed to tackle GHG emissions, helping to prevent 
global warming. This means that the same hydropower used as a green energy source 
to reduce the impacts of climate change also causes many other environmental harms 
and human rights violations. Investments in the electricity sector, particularly 
hydropower dams, are an important instrument for increasing hydroelectric 
generation to meet the needs of Brazil’s economic growth and minimise the climate 
risks of hydroelectric projects. However, the encouragement of investment in 
hydropower dams must be done with the aim of avoiding environmental harms and 
human rights implications. These competing interests must be balanced to address 
the needs of all affected parties.  
The findings of this complex relationship can be summarised as: a) energy is 
necessary for human rights; b) climate change impacts on human rights; c) 
hydropower is renewable source of energy, reducing impacts of climate change; d) 
climate change impacts on hydropower; e) hydropower impacts on human rights. 
Hence, there is a direct correlation between climate change, hydropower, and human 
rights that requires balancing of various issues, which is currently largely neglected 
by law-makers. 
Understanding the mechanisms of Brazil’s energy sector is essential to identifying 
the current political-administrative sectors responsible for managing the production 
of electricity and the potential issues that arise from it, such as the bureaucracy that is 
responsible for hydropower licensing. The regulations concerning the environment, 
climate change, and hydropower dam licensing demonstrate the lack of measures in 
place to adapt hydropower dams to the effects of climate change. Brazilian 
legislation does not specify methods of adaptation to climate change to ensure 
electricity security. However, over 80% of the electricity consumed comes from 
hydropower dams, and the Brazilian electricity system is not protected by efficient 
legislation, and hydropower capacity is not protected against the future impacts of 
climate change. This lack of a specific legal framework to ensure hydroelectric 
security in the future threatens Brazil’s energy security, demonstrating the necessity 
to build an adaptive legal framework for hydropower in the context of climate 
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change. Based on this analysis, this thesis aims to promote an electricity regime 
focused on the adaptation of hydroelectric power. 
The last findings in this thesis are related to international energy and hydropower 
policies, particularly those from the United States. This thesis observed that the US 
has few climate change policies, but focuses more directly on the problem of 
hydropower adaptation. The current US system, especially the non-federal 
hydropower regulation (FERC), provides significant insights for adaptation to 
Brazilian hydropower dams. The US still faces problems, but it is likely to achieve 
successful results if slight changes are made to its regulatory framework. This 
finding is pivotal to Brazil’s electricity system, as Brazil can adapt FERC’s 
modelling to develop a legal framework addressing hydropower adaptation to the 
impacts of climate change. 
Although international climate change laws were not the focus of this thesis, the 
research led to other findings; enabling some analysis and criticism of the climate 
change regime. To control the effects of climate change, governments and non-
governmental organisations have proposed adaptation and mitigation strategies. 
However, these measures are likely to require “radical and fundamental shifts in 
socio-political structures, technological and economic systems, organisational forms, 
and modes of regulation”.5 There is a large volume of law and policy at the 
international level that proves inconclusive regarding the positive impact of the 
applicability of a regulatory or policy framework.
6
 Numerous regulations do not 
necessarily mean quality in application and results. The effectiveness of policy 
interventions and international laws must be prioritised in order to legitimise those 
regulations managing climate change impacts. For example, a possible consequence 
would be international judicial institutions reaching divergent decisions while 
interpreting and applying international principles, enabling powerful States to opt for 
the mechanism that best matches their interests.
7
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This thesis highlights criticisms that have emerged suggesting that some measures 
proposed in the climate change regime might conflict with existing rules in other 
fields of international law. For instance, “the adoption of renewable energy 
technologies and efficiency programs has largely failed to bring about the needed 
reduction in greenhouse gas emissions and resource consumption”.8 The promotion 
of emission reduction and resource conservation by international agreements, and 
regional and national regulations, policies, and financial instruments has had some 
success in some places,
9
 but not in others. The fight against climate change faces 
barriers depending on what the local, regional, and international agreements have 
proposed. The process of formalising emerging policy and regulatory frameworks for 
climate change is still slow,
10
 and this is evident in Brazil in relation to hydropower 
adaptation to the impacts of climate change. A hydropower legal framework would 
obligate authorities and stakeholders to adapt hydropower to climate vulnerabilities, 
which is fundamental for Brazil’s energy security. 
Nonetheless, the discussion in this thesis does not suggest it is unnecessary for a 
national or any other international regime to focus on climate change issues. In fact, 
these issues should be managed in conjunction with the relevant global international 
rules. Otherwise, climate change regime working in isolation, there is the risk of 
seriously aggravating the existing fragmentary trend of international law.
11
 The focus 
should be on positive environmental management, with a holistic perception of what 
is occurring in all areas of international law in order to avoid unnecessary 
fragmentation and to precisely inform the legal development of the climate regime.
12
 
An informative and effective international framework assists the development of 
domestic policies, including guiding the legal procedures to be adopted in Brazil. To 
date, climate variability is not properly incorporated into Brazilian energy planning 
or in the analysis of the feasibility of hydropower projects. Adaptation to climate 
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change, in particular, is barely mentioned. The enforcement of a legal framework for 
hydropower is crucial to ensure energy security in Brazil and in other countries that 
strongly rely on hydropower. 
Flexibility in environmental management and adaptation is fundamental in local and 
international laws, and is especially important for those most vulnerable to the effects 
of climate change. Accordingly, a stronger international effort has to be established 
to support these countries, perhaps “[…] under the auspices of a global climate 
change support program, which would allow them to achieve the same objectives as 
those with the capacity to adapt”.13 Such difficulties in adapting to climate change 
are particularly more significant in developing countries due to their lack of capacity 
and resource availability to make a considerable alteration to their environmental 
practices. In this respect, the Kyoto Protocol included flexibility mechanisms to 
promote cost-effective and innovative solutions; namely, joint implementation, 
emissions trading, and clean development mechanisms.
14
 In addition, geography, 
topography, and a shortage of freshwater resources are other factors that contribute to 
limit States’ actions when facing climate changes impacts on hydropower dams. 
These disadvantages result in a “snowball effect” that exacerbates hydropower 
vulnerability and makes the consequences even worse.
15
  
Climate change is generally known as a “cross-cutting issue” in international legal 
conventions, with cooperation encouraged between participating convention regimes. 
The likely benefits from such cooperation are enhancing synergies, avowing extra 
efforts, and promoting resource efficiency.
16
 In the past decade, the growing concern 
about the climate change impacts of greenhouse gas emissions have caused many 
governments to adopt policies promoting low-carbon energy sources.
17
 In particular, 
countries with emerging economies and rapidly rising energy demands are looking to 
expand their own hydropower production or import hydropower from neighbouring 
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States, as many of these countries have developed relatively low portions of their 
own economically feasible hydropower potential.
18
 Therefore, it is relevant to 
analyse the effects of climate change on existing law regimes and to consider the 
changes required to diminish these negative effects. According to Rayfuse and Scott, 
“the adequacy of existing non-climate change specific international law regimes to 
address the consequences of climate change” must be considered,19 as well as 
responses for mitigation and adaptation. The responses to climate change should 
involve issues such as participation in treaty-making, compliance, application and 
dispute settlement processes, and the function of key institutions of international 
governance such as the United Nations Security Council.
20
   
Thus, stipulating a global temperature increase under 1.5 degrees is not optional, but 
necessary. The results from unrestrained global warming could be catastrophic.  
Moreover, the more mitigation fails, the more adaptation is required, including other 
areas of knowledge besides law. Geo-climate engineering, for instance, is an 
important tool for managing the climate change adaptation process for hydropower. 
However, the objectives can be effectively reached if States work together, 
independent of having discussions about the amount of GHG emitted by each of 
them. Climate change is often more a political than an environmental issue, and this 
characteristic can prejudice the on-going process, including measures for energy 
security. Overall, international law plays a crucial role in identifying the best 
touchstones to be internationally adopted to guarantee hydroelectricity demand in the 
future. International agreements and their principles support the management, 
maintenance, and improvement of local policies to manage climate change and 
hydropower issues, especially in relation to Brazil. Regional characteristics must be 
evaluated and considered in this process; however, extreme reliance on hydropower 
in Brazil obligates more urgency in order to secure electricity for its citizens.  
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The analysis in this thesis demonstrates that Brazil can develop a legal framework for 
ensuring hydropower security through a licensing process that includes adaptation to 
the impacts of climate change, the risks of environmental harms, and responsibility 
for human rights. Incorporating these particular issues into a legal framework would 
obligate authorities and stakeholders to accomplish more efficient results, obeying 
international and national climate legislation. The current model adopted by Brazil of 
hydropower licensing and operation does not fulfil these aspects. In practice, the 
complexity in applying environmental laws and human rights in Brazil not only 
slows the process of hydropower licensing, but also causes serious risks to the 
sovereignty of the State. Political decisions are under pressure from interested parties 
and, currently, have been infringing several human rights, requiring, therefore, a 
strong and effective legal framework. 
Finally, considering that hydropower dams will be the main source of energy in 
Brazil for many years or, at least, one of the most important, hydropower 
management needs legal protection against climate change impacts, and to secure 
and balance the rights of all actors involved. Further, the application of law to 
hydropower must be monitored in order to ensure its effectiveness, especially due to 
the high levels of corruption in Brazil and the inefficiency of processes. The period 
for completion of licensing could be clearly specified in the framework. Adaptation 
to changes in water-flow levels must also be contained in a legal framework, 
otherwise this gap could lead to disaster in relation to a reduction of hydroelectric 
capacity. A legal framework including all these elements and adapting hydropower 
to climate change effects would guarantee Brazil’s energy security, as well as 
encouraging international support. 
 
8.3 RECOMMENDATIONS 
The analysis proposed by this thesis demonstrates that an adaptive legal framework 
to ensure electricity security in Brazil in the context of climate change must include 
some specific aspects. The following recommendations would improve Brazil’s 
electricity system and support other hydropower dependent countries, who could 
adapt the results to particular climate and environmental characteristics. Hence, the 
resultant recommendations are: 
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- The development of a policy to diminish the impacts of climate change is 
extremely important. This policy should enforce more adaptable measures 
to manage the impacts of climate change on the Brazilian electricity 
system.  
- The climate variable should be inserted into the expansion planning of 
energy production, allowing more frequent environmental impact 
assessments to cover the changes in water-flow levels for determined 
periods specified in the hydropower legal framework. 
- To support hydropower adaptation, information and conditions should be 
generated that include knowledge of potential climate change impacts and 
options for adaptability. Actions that reduce vulnerability, or that explore 
the opportunities that originate from climate change, such as the 
improvement of hydroelectric structures and the surrounding environment, 
are important. Included in these actions are investments in infrastructure, 
promotion of information, risk management systems, and enhancing 
institutional capacity. 
- Policies should include licenses that are adaptive to ecological and 
hydrological changes in hydropower systems over short periods of time. 
Short-term review periods associated with other climate and environmental 
studies will enable the adaptation of hydroelectric generation. When a 
hydropower license is renewed, the licensing requirements should change 
to increase the environmental and hydropower benefits. Therefore, 
flexibility in the regulatory framework is essential to adapt and improve 
the performance of hydropower systems. Applying the US FERC’s 
relicensing to the Brazilian system can provide a meaningful model to 
Brazil. 
- A new paradigm of flexibility in management should be embraced by 
nations to meet the challenges posed by climate change, allowing 
mechanisms, plans, and policies to adapt to the changes it causes. 
Furthermore, due to the dynamism and uncertainty surrounding the 
impacts of global warming on water resources, it is necessary to formulate 
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approaches that clearly consider this unpredictable environment and apply 
them to a hydropower legal frameworks.
21
 
- As hydropower dam usage tends to increase because of growing pressure 
to use renewable energy sources, the related impacts should be limited 
through effective legislation that ensures a greater link between science, 
development, and the maintenance of hydroelectric generators. The 
vulnerability of hydropower dams can be reduced with strong integration 
and cooperation. Thus, legislative bodies should engage with other fields 
to guarantee the future electricity demand in Brazil.   
- Climate change should be recognised as a human rights issue in Brazil, as 
climate change will inevitably affect human rights. Human rights 
principles and laws can certainly assist with the establishment of 
appropriate responses and setting of priorities in Brazil. 
- Effective commitment should be made to the human rights of riverside and 
indigenous people, especially due to the violation of environment and 
cultural bases. Furthermore, displacement should be avoided wherever 
possible. If not possible, then relocation needs to occur alongside 
consultation and compensation.  
- Balance is required between the relationship of human rights, climate 
change, and hydropower. As these elements are interconnected, 
regulations should address preventive and protective measures. The 
balance should also exist to protect the fundamental right of access to 
energy of electricity users and the human rights of those local communities 
and indigenous people.  
- Future hydro developments should be subject to environmental impact 
assessments and provide opportunities for participation of affected groups 
in compliance with the principles of international environmental law. This 
is where licensing and approvals are necessary, mapping the future in 
relation to such projects. As the long-term viability of these developments 
is a critical concern, the environmental impact assessments including 
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public participation should be performed in shorter timeframes, thus 
providing actual data for adapting hydropower dams to climate variability.  
- Law should impose shorter periods of time to make decisions in the 
licensing process. Legal frameworks should establish the maximum length 
of time for the licensing process for hydropower dams. 
- Open dialogues between policy-makers and Brazilian society are relevant 
for a legal framework. Society should be aware of the advantages and 
disadvantages of hydropower technologies, their implications in terms of 
costs, climate, and environmental impacts. This information can be 
provided through media such as television, journals, magazines and online, 
including social networks. The promotion of keynote speeches and debates 
by representatives from different fields such as law, politics, science and 
engineering will enable discussion to develop public opinion. With the 
relevant knowledge, widespread consensus regarding dams will support 
the use of hydroelectricity in the country and avoid public campaigns 
against it. Furthermore, society can then cooperate with more sustainable 
alternatives and measures to reduce electricity consumption and improve 
Brazil’s electric system.  
 
8.4 IMPLICATIONS OF THE RESEARCH AND FUTURE DIRECTIONS 
The research in this thesis has demonstrated that suitable legal frameworks must 
accommodate a range of considerations, including environmental protection, human 
rights and international law. This research has identified developed principles of 
good practice that can be applied to achieve meaningful results. The implementation 
of findings and recommendations enable practical results in law, guiding policy-
makers in the construction of an effective legal framework to adapt hydropower to 
the effects of climate change. The approaches recommended by this thesis can 
change the future of hydropower dams, effectively ensuring energy security in 
Brazil.  
This thesis also encourages the development of future research. A more 
comprehensive comparative study could be beneficial to hydropower adaptive 
policies. In addition, as more data on the impact of climate change is obtained in the 
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future, the research could be expanded and more suitable adaptation measures 
developed. Therefore, detailed information and data to include adaptation in the legal 
procedure of hydropower plants to the effects of climate change would improve this 
work. Future research could include findings of other fields, allowing law to 
adequately fill any gaps, and providing effective and protective support to Brazil’s 
electricity sector. 
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